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Summary 
This paper tests the performance of the seven commonly used technical trading rules: dual moving 
average crossovers, moving average convergence divergence, channel breakout rule, Bollinger bands, 
relative strength index, stochastic oscillator and directional movement index across six developed 
countries: USA, UK, Canada, Germany, Australia and Spain by using the data of three companies having 
highest market capitalization from each country. The period of study is from 1 January 2005 to 31 
December 2010 and is divided into three sub-periods of two years each. Overall our results provide 
existence of positive excess returns over buy-hold strategy in all the countries for lower transaction cost 
and negative excess returns for higher transaction cost. Also most of the excess returns are negative 
during the sub-period 2007-2008 when there was recession in the developed countries. The Moving 
Average Convergence Divergence has outperformed every other rule. It has shown positive excess 
ƌĞƚƵƌŶƐĂŶĚƉŽƐŝƚŝǀĞ^ŚĂƌƉĞ ?ƐƌĂƚŝŽĂĐƌŽƐƐĞǀĞƌǇĐŽŵƉĂŶǇĂŶĚŝŶ every sub-period. The Channel Breakout 
Rule shows positive excess returŶƐĂŶĚ^ŚĂƌƉĞ ?ƐƌĂƚŝŽin many cases for the sub period 2005-2006 and 
ƚŚĞƵĂůDŽǀŝŶŐǀĞƌĂŐĞƌŽƐƐŽǀĞƌƐƐŚŽǁƐƉŽƐŝƚŝǀĞĞǆĐĞƐƐƌĞƚƵƌŶƐĂŶĚ^ŚĂƌƉĞ ?ƐƌĂƚŝŽin many cases for 
the sub period 2009-2010. The performance of combination rules did not exceeded to that of Moving 
Average Convergence Divergence and was more than Channel Breakout Rule and Dual Moving Average 
Crossovers. 
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Introduction 
dŚĞ  “dĞĐŚŶŝĐĂůdƌĂĚŝŶŐZƵůĞƐ ?ĂƌĞ ƚŚĞǀĂƌŝŽƵƐ techniques used by the academics and the investors to 
forecast future price trends using information on historical prices. It is widely used in stock market, 
foreign exchange market, commodity market, futures and options market etc. These rules are used to 
locate any possible profit opportunity present in the market. The use of technical trading rules dates 
back to 1800s with the work of Charles Dow. Thereafter many new techniques have been developed 
such as moving average, stochastic oscillator, Bollinger band, filter rule etc to forecast the prices.  
The performance of the technical trading rules has been the consistent topic of discussion since many 
decades among practitioners and academics but many academics do not consider it to be useful. The 
theory which undermines the rationale behind the technical analysis is the Efficient Market hypothesis. 
Efficient Market hypothesis states that any observable pattern in prices will be eradicated 
instantaneously by the action of rational investors who are constantly looking for profit making 
opportunities in the market. &ĂŵĂ  ? ? ? ? ? ) ƉƌĞƐĞŶƚĞĚ ƐƚƌŽŶŐ ĞǀŝĚĞŶĐĞ ŝŶ ĨĂǀŽƌ ŽĨ  “ƌĂŶĚŽŵ ǁĂůŬ
ŚǇƉŽƚŚĞƐŝƐ ? ǁŚŝĐŚ ƐƚĂƚĞƐ ƚŚĂƚ ƚŚĞ ƐƵĐĐĞƐƐŝǀĞ ƉƌŝĐĞ ĐŚĂŶŐĞƐ ĂƌĞ ŝŶĚĞƉĞŶĚĞŶƚ ŽĨ ĞĂĐŚ ŽƚŚĞƌ ĂŶĚ ƚŚĞǇ
conform to some probability distribution. This implies that the historical price data cannot be used to 
predict the future price changes in a meaningful way which is in gross contradiction with the rationale 
behind technical analysis. There were many studies during this period which were in favor of efficient 
market hypothesis and were against technical analysis. Fama and Blume (1966) test filter rules on Dow 
Jones Industrial Average and found that the filter rules were not profitable. Their study is based on the 
ůĞǆĂŶĚĞƌ ?Ɛ  ? ? ? ? ? ) ĨŝůƚĞƌ ƚĞĐŚŶŝƋƵe which he applied to Dow Jones Industrial Average and concluded 
that the filter techniques for all different time periods showed substantial profits above buy hold 
strategy. &ĂŵĂĂŶĚůƵŵĞ ƚŚĞŶĂĚũƵƐƚĞĚůĞǆĂŶĚĞƌ ?Ɛ ƌĞƐƵůƚƐďǇ ŝŶĐůƵĚŝŶŐ ƚŚĞ ƚƌĂŶƐĂĐƚŝŽŶĐŽƐt such as 
dividends, clearing house fees and floor brokerage fees and concluded that even floor traders cannot 
use these filter techniques to increase their profits appreciably. >ĞǀǇ ? ? ? ? ? )ƵƐĞĚ “ƌĞůĂƚŝǀĞƐƚƌĞŶŐƚŚ ?ĂŶĚ
 “ƉŽƌƚĨŽůŝŽƵƉŐƌĂĚŝŶŐƌƵůĞ ?ƚŽrefute the random walk hypothesis and to determine the performance of 
trading rules. He concluded that trading rules performed significantly better than simple buy-hold 
ƐƚƌĂƚĞŐǇ ? :ĞŶƐĞŶ ĂŶĚ ĞŶŝŶŐƚŽŶ  ? ? ? ? ? ) ƚĞƐƚĞĚ >ĞǀǇ ?Ɛ ƌƵůĞƐǁŚŝĐŚ ƐĞĞŵĞĚ ƚŽ ĞĂƌŶ ŵŽƌĞ ƚŚĂŶ ďƵǇ-hold 
strategy and found that before adjusting for commissions cost trading rules earned 1.4% more than the 
buy-hold strategy but after allowing for commissions cost and differential risk these trading rules 
performed worse than the buy-hold strategy. Horne and Parker (1967) tested random walk hypothesis 
on 30 randomly picked stocks on New York Stock Exchange January 1960 to June 1966 and concluded 
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that even after ignoring transactions cost the profits from technical trading rules were considerably less 
than simple buy-hold strategy. James (1968) used the data from Centre for Research in Security Price for 
the period 1926-1960. He used various moving average techniques on the data and concluded that the 
use of moving average did not benefit ŝŶǀĞƐƚŽƌ ?Ɛ position as compared to buy-hold strategy. All these 
studies led Fama (1970) to conclude that even if the short term dependence of security price exist, a 
large number of transactions will be generated to earn profit that the profit will be washed away by the 
transaction cost and hence hypothesis of efficient market cannot be rejected. 
Despite serious contempt by the academic literature, technical analysis is still considered to be an 
important tool for investors and traders and has been widely used since the period of Charles Dow. In 
almost every country, we find technical analysts speculating about the future market on the daily basis. 
Technical analysis is used to speculate not only the stock price but all type of assets. Taylor and Allen 
(1992) conducted a survey on the major banks and financial institutions in England and found that 
approximately 90% of the respondents considered technical analysis to be important in speculation and 
60% of them considered technical analysis to be as important as fundamental analysis. They also found 
that technical analysis was considered more important for the short term forecasting such as daily or 
weekly forecasting whereas fundamental analysis was considered to be more important for the long 
term forecasting such as 3 months, 6 months and 1 year. Though there was increasing evidence found 
ĚƵƌŝŶŐ ? ? ? ? ?ƐĂŶĚ ? ? ? ? ?ƐǁŚŝĐŚƐƵŐŐĞƐƚƐƚŚĂƚƚĞĐŚŶŝĐĂůĂŶĂůǇƐŝƐŝƐĂǁĂƐƚĞŽĨƚŝŵĞ ?ĂƌĞĐĞŶƚĂĐĐƵŵƵůĂƚŝŶŐ
evidence suggests that markets may not be as efficient as they were perceived to be has renewed the 
academic interest in technical analysis. Treynor and Ferguson (1985) showed that using past prices in 
combination with a valuable information can create a profitable opportunity for an investor.  The paper 
uses the Bayesian probability approach to assess whether the information available to the investor has 
already been incorporated in the market and if not then the investor can take appropriate position. 
However Treynor and Ferguson conclude that the investment opportunity generated is through non-
price information. Sweeney (1986) uses the data on daily dollar-DM exchange rate between 1975 and 
1980 to analyze the profit through filter rules above buy-hold strategy. He used the logic of risk/return 
tradeoff and CAPM to handle the risk in such a test and developed a statistical significant test 
appropriate to the foreign exchange market. In a test performed on 1289 daily trading days of dollar-DM 
exchange rate it was found that filter rule profits were substantial and statistically significant as 
compared to the buy-hold strategy. Two possible classes of explanation was attributing to the result. 
One considers the existence of profits and hence inefficiency in the market whereas the other considers 
the market to be efficient and explained profits in terms of time varying risk premia. Brown and Jennings 
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(1989) uses a two period dynamic model to analyze equilibrium for myopic-investor economy and 
rational-investor economy shows that the technical analysis has value and investors use historical data 
along with current price to make investment policies. It also states that market is weak for efficient since 
the investor uses past prices in setting their demands. Brock, Lakonishok and LeBaron (1992) used Dow 
Jones Industrial Average from 1897 to 1986 to test two most popular trading rules i.e. moving average 
and trading range break. They used the bootstrap methodology to check the significance of trading rule 
profits and found that the trading rules demonstrated significant forecasting power. Bessembinder and 
Chan (1998) further investigated the results of Brock et al (1992) and confirmed their results. Levich and 
Thomas (1993) used the data of nine currencies from the period January 1976 to December 1990 and 
applied nine trading rules and found that 27 cases produced profits in top 1% of all time series, 12 cases 
produced profit in top 5% of all time series and the rest 6 cases produced profits but were less 
significant. The profitability of these rules suggested some serial correlation in the data. Blume, Easley 
ĂŶĚK ?,ĂƌĂ ? ? ? ? ? )ůŽŽŬĂƚƚŚĞƌŽůĞŽĨǀŽůƵŵĞĂŶĚƚƌĂĚĞŝŶĨŽƌŵĂƚŝŽŶŝŶƚŚĞŵĂƌŬĞƚ and finds that volume 
ŝƐ ĂůƐŽ ĂŶ ŝŵƉŽƌƚĂŶƚ ƉĂƌĂŵĞƚĞƌ ĂƐ ƉƌŝĐĞ ƐŝŶĐĞ ƚŚĞ ǀŽůƵŵĞ ĐĂƉƚƵƌĞƐ ŝŶĨŽƌŵĂƚŝŽŶ ŝŶ ƋƵĂůŝƚǇ ŽĨ ƚƌĂĚĞƌ ?Ɛ
signal. They conclude that technical analysis is beneficial to traders. Bessembinder and Chan (1995) 
evaluated the use of trading rules in Asian stock markets such as Malaysia, Thailand, Taiwan, Hong Kong 
and Japan. They evaluated 3 technical trading rules which are variable length moving average, fixed 
length moving average and trading range break rule and found that technical signals exhibited 
substantial forecasting power for Asian stock markets. All these studies suggest that there has been 
increasing academic interest to evaluate profits from technical trading rules since there has been 
increasing evidence lately that markets are not fully efficient. 
In recent years there has been increasing academic interest in combining rules to form technical trading 
rules which are optimal. The rules can be combined by the use of logic by either simple method or by 
advanced method such as genetic algorithm. Genetic programming was first developed by Holland 
(1975) and the study was extended by Koza (1992). An important paper in this field was published by 
Allen and Karjalainen (1999) where they used genetic algorithm on S&P 500 index using daily prices from 
1928 to 1995. They concluded that the rules formed using genetic algorithm do not earn excess return 
over buy-hold strategy after allowing for transaction cost. Neely, Weller and Dittmar (1997) used genetic 
programming approach on six currencies from the period 1975 to 1995 and allowed for transaction cost 
as well. They found that average excess return across all currencies was 2.87%. Hence combining rules 
to find optimal trading rules can be useful. 
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This paper investigates the seven commonly used trading rules across six countries and evaluates the 
performance of individual rules by calculating excess returns over buy-hold strategy. Thereafter the 
study uses simple logical combination of technical rules to combine two best performing individual rules 
to evaluate its performance. The paper is organized as follows. Section 2 discusses about the previous 
work of the trading rules mentioned in this paper. Section 3 discusses about the data used in the paper 
and methodology to evaluate the performance of the trading rules. Section 4 discusses the empirical 
results, section 5 presents the discussion of the empirical results and section 6 concludes the paper. 
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Literature Review 
Thousands of journals have been published in the field of technical analysis after decades of research. 
Many of these have focused on the performance of the technical rules in the market and whether they 
have earned excess returns. The performance of these technical rules has always been associated with 
the efficiency of the market. In this section we will discuss the previous work in detail as in what were 
the rules used, what were the specifications of these rules, how the data was taken and what the results 
were.  
Metaghalchi, Du and Ning (2009) tested the moving average rules in four Asian markets: Hong Kong, 
Singapore, South Korea and Taiwan. They selected these markets as they were developed similar to 
their western counterparts and this approach can validate the use of technical rules given the similar 
conditions. They used the data from DataStream for the major indices in these markets from November 
1969 to June 2005. Use of moving average technique involves selection of two moving averages: one 
long and the other short. The paper uses the long moving average of 50, 100, 150 and 200 days and 
short moving average of 1 day. To reduce the noise trading, the paper uses the 1% band to decide the 
position in the market. The returns were calculated on the daily basis using continuous compounding. 
The results show that the short moving average of 1 day and long moving average of 50 days performed 
better as compared to the other combinations and volatility during buy days was less as compared to 
that on sell days. The moving average performed better than the buy-hold strategy and t-test results for 
buy-sell difference were significant to reject the null hypothesis that buy-day returns equal sell-day 
returns. 
Park (2010) tests the predictive power of short term moving average and long term moving average in 
US market. The paper compares the three trading strategies: JT  W buys the top p% stocks and sell the 
bottom p% stocks based on previous J-month returns, 52HI  W buys the top p% stocks and sell the bottom 
p% stocks based on the current price to highest price ratio during the past 12 months and an investment 
strategy having short term 50 day moving average and long term 200 day moving average. The data 
used was from CRSP US stock data base from the period July 1962 to December 2004. The paper shows 
the evidence that moving average and 52HI are able to show most of the intermediate momentum in 
the market. Furthermore both moving average and 52HI show distinct predictive power but both are 
significant as confirmed by the t-test. But both the ratios are unable to explain the long term reversal 
phenomenon.  
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Moving average has been one of the favorite technical trading rules of the academics and many have 
used commonly used moving average rules in their studies.  Milionis and Papanagiotou (2009) perform a 
sensitivity analysis of moving average rule to find out the performance of trading rules with respect to 
the length of moving average. The paper uses the data of S&P 500 index from New York Stock Exchange, 
General Index from Athens Stock Exchange and Austrian Traded Index from Vienna Stock Exchange for 
the period April 1993 to April 2005. The total period was divided into 3 sub-periods each of 4 years: 
1993-1997, 1997-2001 and 2001-2005. The sensitivity of trading rules with respect to moving average 
length was considered for two scenarios: when there is no transaction cost and when there is 
transaction cost of 0.5%. The length of short moving average is kept constant at 1 and the length of long 
moving average is varied from 5 to 100. The paper concluded that the popular MA (1,50) rule does not 
perform above buy-hold strategy in New York Stock Exchange and the shorter moving average rules can 
show evidence of increased performance if considered with no transaction cost. 
Fifield, Power and Knipe (2008) investigated the predictive ability of moving average indicator to test for 
market efficiency hypothesis. The paper investigated the moving average of stock indices in 3 developed 
countries and 15 developing countries. The developed countries included Japan, UK and USA whereas 
the developing countries included Argentina, Chile, Hong Kong, India, Indonesia, Korea, Malaysia, 
Mexico, Philippines, South Africa, Sri Lanka, Taiwan, Thailand, Turkey and Zimbabwe. The data for stock 
indices was taken from DataStream for the period January 1989 to December 2003. The mean, standard 
deviation, skewness and kurtosis were calculated for the 15 year period for each country. A number of 
interesting observations were made. The average mean daily return showed large spread and ranged 
from -0.04% for Indonesia to 0.08% for Argentina. Most of the Asian countries were at the bottom of the 
pyramid when ranked according to the average daily mean return. The standard deviation for UK and 
USA were 0.92% and 1.02% which were lowest in the lot whereas that of Argentina was the highest. The 
returns of the most of the countries were negatively skewed.  The moving average was tested for a 
various combinations of shorter and longer lengths with sort run periods of 1, 5 and 10 days and long 
run periods of 50, 100, 150 and 200 days. Three bandwidths were considered of 0, 1 and 5%. The 
analysis of the results show that the moving average did not performed above buy-hold strategy in 
developed countries except Japan whereas it showed returns above buy-hold strategy in developing 
countries. Moreover as the period for long run moving average increased, the profits above buy-hold 
strategy decreased. The excess profits in developing countries ranged from 11.58% to 1215.16%. The 
effect of introducing band to reduce whipsaw reveals that as the bandwidth increases trading profits 
decreases. Finally it was found that in 9 out of 15 developing countries the rule having 1 day as short 
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moving average, 50 days as long moving average and 0% bandwidth was the most profitable moving 
average rule. 
Sehgal and Gupta (2007) analyzed the performance of various technical trading rules in Indian market. 
The paper used the data from various industrial sectors and comprised of total of 75 companies with 5 
large companies from 15 major sectors. The data was taken for the period January 1999 to December 
2004 and was taken from Capital Market Line software. A variety of technical rules were used namely 
exponential moving average (the length of period was 14 days), Moving Average Convergence 
Divergence (the length of period for short run was 12 days, the length of period for long run was 26 days 
and 9 day moving average of MACD was used to generate the buy/sell signal), Volume Oscillator (the 
length of period for short run was 10 days and the length of period for long run was 25 days), Smoothed 
Rate of Change (the length of period for short run was 7 days and the length of period for long run was 
14 days), Relative Strength Index (the length of period used was 7 days to calculate upward price change 
and downward price change), Commodity Channel Index (the length of period used to calculate CCI was 
7 days), Stochastic Oscillator (the length of the period used was 7 days), Directional Indicator (the length 
of the period used was 13 days) and simple moving average 9the length of the period used was 14 days). 
Transaction cost was also considered in the analysis and was taken as 0.01% for a two way transaction 
as recommended by a survey of ten market practitioners. Some of the interesting observations were 
made in the analysis such as the average number of trades varied from 22.83 for Directional Indicator to 
55.39 for Moving Average Convergence Divergence. The net returns were highest for Rate of Change 
followed by Directional Indicator, Moving Average, Moving Average Convergence Divergence, Stochastic 
Oscillator and Volume Oscillator. When the period was sub-divided into 12 half yearly periods, this 
active strategy was outperformed by initial passive strategy. When each of these sub-periods were 
ĐůĂƐƐŝĨŝĞĚŝŶƚŽ “Ƶůů ?ĂŶĚ “ĞĂƌ ? ?ŝƚǁĂƐĨŽƵŶĚƚŚĂƚŝƌĞĐƚ ŽŶĂů/ŶĚŝĐĂƚŽƌƉƌŽǀŝĚĞĚďĞƚƚĞƌƉĞƌĨŽƌŵĂŶĐĞŝŶ
Bull period as compared to other indicators. However none of these technical rules outperformed 
simple buy-hold strategy. 
The most popular technical trading rules are those which are easy to use such as moving average, MACD 
etc. Appel (2003) discussed about the use and importance of Moving Average Convergence Divergence. 
MACD is calculated by using two moving averages: fast moving average and slow moving average. Fast 
moving average is usually calculated using period ranging from 6 to 19 units and the slow moving 
average is calculated using period ranging from twice to thrice that of fast moving average. MACD is 
calculated by subtracting the slow moving average from fast moving average. This MACD is using with 3 
12 
 
to 9 units of moving average of MACD to generate buy/sell signal. MACD identifies four stages of market 
cycle: Basing (when declines are reducing and market prepares to increase), Advancing (when the stock 
market is increasing continuously), Topping (when the stock market advances reduces and market 
prepares to decrease) and Declining (when the market declines continuously). The use of MACD has 
produced positive results in many cases e.g. use of MACD in NASDAQ composite for the period 1994 to 
2002. The paper concludes by confirming that the performance can be increased by using in tandem 
with other indicators such as interest rates. 
Chong and Ng (2008) investigates the performance of Moving Average Convergence Divergence (MACD) 
and Relative Strength Index (RSI) in the UK market. The data used was from Financial Times-Institute of 
Actuaries 30 index of Mills for the period July 1935 to January 1994. The whole sample was divided into 
three sub-periods: 1935-1954, 1955-1974 and 1975-1994 to avoid the problem of data snooping. In this 
paper, a 14 day RSI was used which is a popular length among traders. The RSI index ranges from 0 to 
100. The stock is considered overbought when RSI reaches 70 and oversold when RSI reaches 30. When 
the RSI moves above 50 it indicates a bullish signal whereas when it reaches below 50 it indicates 
bearish signal. For MACD, 12 day length was used for fast moving average and 26 day length was used 
for slow moving average. The choice of MACD lengths were also based on their popularity among 
traders. As in Brock et al. (1992), 10-day compounded returns were used in this paper also. The results 
show that the RSI generated an average 10-day return of 0.779% for buy signal and -0.127% for sell 
signal whereas MACD generated an average 10-day return of 1.375% for buy signal and -0.679% for sell 
signal. These results outperformed the buy-hold strategy returns. 
Bessembinder and Chan (1995) investigate the performance of two trading rules in Asian stock markets. 
The paper investigates the performance of rules in Malaysia, Thailand, Taiwan, Hong Kong and Japan. 
The data is obtained from Pacific Basin Capital Market Research Centre for the period January 1975 to 
December 1989. The two trading rules used were moving average and channel breakout rule (trading 
range break rule). For moving average, the most popular rule of 1-200 (1 day as short moving average 
and 200 days as long moving average) is considered. Besides, other variations such as 1-50, 1-150, 5-150 
and 2-200 are also considered. The channel breakout rule is evaluated using minimums and maximums 
ŽĨƉĂƐƚ “Ŷ ?ĚĂǇƐ ?dŚĞůĞŶŐƚŚƉĞƌŝŽĚ ?Ŷ ?ƵƐĞĚŝŶƚŚĞƉĂƉĞƌ ƌĞ ? ?ĚĂǇƐ ? ?50 days and 200 days. Both the 
rules use 0% and 1% bandwidth to reduce noise trading. The results show an average daily mean return 
of 0.065%. The returns from buy signals exceed the returns from sell signals by 0.095% on daily basis. 
The paper shows substantial forecasting power of trading rules in Asian stock markets. 
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Brock, Lakonishok and LeBaron (1992) investigates the profitability of two commonly used trading rules 
 W moving average and channel breakout rule. The problem of dependencies among various rules and the 
assumption behind t-ratios to be normal, stationary and time-independent is solved using bootstrap 
methodology. The paper uses the data from Dow Jones Industrial Average for the period 1897 to 1986. 
The whole sample is sub-divided into 4 sub-samples: 1897-1914, 1915-1938, 1939-1962 and 1963 to 
1986. For moving average rule, the most popular rule of 1-200 is considered. Besides 1-200, other 
popular combinations such as 1-50, 1-150, 5-150, 1-200 and 2-200 are also considered. Channel 
breakout rule uses past maximum and minimum prices to generate buy/sell signal. The signals are 
generated using various popular combinations such as 50 days, 150 days and 200 days. Both the above 
rules are evaluated using 0% and 1% bandwidth. The results show an average difference of about 0.8% 
between buy and sell signal 10 day-period returns. Also the market is less volatile following a buy signal 
as compared to following a sell signal. The negative annual returns of 7% following sell signal is 
unexplained by existing equilibrium model and is solved using bootstrap methodology. The author 
concludes by confirming that these technical trading rules have predictive power but also stresses on 
the use of transaction cost and adjustment for dividends.  
Sweeny (1986) used the filter rules to investigate the profitability in foreign exchange market. The paper 
uses the Capital Asset Pricing Model to analyze the role of risk in efficiency test. The data was used from 
the Board of Governors of the Federal Reserve System. The data used was daily dollar-DM exchange 
rate, overnight federal fund rate and overnight Frankfurt interbank loan rate. The two ways transaction 
cost in foreign exchange market considered was approximately 0.125%. The results show that filter rule 
outperformed buy-hold strategy substantially even after considering the transaction cost. The paper 
provides two possibilities for the existence of excess returns: market inefficiencies and time varying risk 
premia. 
Sweeny (1988) investigates the filter rules on the data used by Fama and Blume (1966) after adjusting 
for transaction costs. The paper also investigates the use of rules by floor traders, money managers and 
private transactors. The paper considers the transaction cost based on the cost of potential investor. For 
the floor traders, the transaction cost is 1/20 of 1% for the period 1970-1982. For money managers, the 
transaction cost varies from 1/10 to 1/5 of 1% for each one way transaction. For private transactors, the 
approximate one way transaction cost is around 4/10 of 1%. During out of market stage, it considers 
investing in risk free securities for which the transaction cost is approximately 0.002% per day. The 
paper also considers the bid-ask spread and confirms it to be around 0.3-0.6%. The paper assumes that 
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daily transaction occurs at closing price as the data of closing price was available. The results show that 
the filter rules give significant profit to floor traders of approximately 14% annually whereas profit to 
money managers is approximately 2%. 
Stoll and Whaley (1983) investigates the effect of firm size and transaction cost in stock market trading. 
The paper uses the data of NYSE common stocks for the period January 1955 to December 1979. The 
data was obtained from Centre for Research in Security Prices monthly file. The prime commercial paper 
rate was obtained from Federal Reserve Bulletin. The results found in the paper were quite interesting. 
Small firms outperformed the large firms by about 12% annually if the transaction costs are not 
considered. The risk estimate of the small firm is downward biased but after adjusting for relative risk 
the increase in abnormal return is 0.00003 which is insufficient to explain the difference between the 
returns of large firms and small firms. The low price stocks were largely found with small firms and low 
price stocks dominated the high price stock by about 10% annually. The transaction cost of 2 way 
transaction for the small firms was averaged around 3.84% whereas for large firms it was around 2.02%. 
After adjusting for transaction cost, the large firms outperformed the small firms by about 17% annually 
and the low price effect of a firm also showed a similar reversal. The effect of investment horizon was 
also evaluated and it was found that for small firms after transaction cost returns become positive when 
investment horizon increases. 
ĐŚĞůŝƐ  ? ? ? ? ? )ƉƌŽǀŝĚĞĚĐŽŵƉůĞƚĞĞǆƉůĂŶĂƚŝŽŶŽĨǀĂƌŝŽƵƐƚĞĐŚŶŝĐĂů ƚƌĂĚŝŶŐƌƵůĞƐ ŝŶŚŝƐďŽŽŬ  “dĞĐŚŶŝĐĂů
analysis from A ƚŽ ? ?&ŽƌƵƐŝŶŐŽůůŝŶŐĞƌĂŶĚƐ ?ŝƚƌĞĐŽŵŵĞŶĚƐƚŚĞƵƐĞŽĨ ? ?ƉĞƌŝŽĚŵŽǀŝŶŐĂǀĞƌĂŐĞĂŶĚ
2 standard deviations. The use of 10 periods or less is not recommended. For Moving Average 
Convergence Divergence, it recommends the use of 12 day and 26 day exponential moving average and 
a 9 day exponential moving average of MACD. For Relative Strength Index, it recommends the use of 14 
day moving average as recommended by Wilder. The use of 9-day and 25-day moving average has also 
become popular for the use in RSI. For Directional Indicator, it recommends the use of 14 day period to 
generate buy/sell signal. 
Gujral (2005) in an ĂƌƚŝĐůĞŝŶ  “&ƵƚƵƌĞƐ ?ƌĞĐŽŵŵĞŶĚĞĚƚŚĞƵƐĞŽĨ Average Directional Movement Index 
(ADX) as it considers both the trading signals and trending signal. Both the trading and the trending 
market require different set of rules to make profits. The trending market requires the use of indicators 
such as moving average and moving average convergence divergence. The trading market requires the 
use of indicators such as stochastic oscillator and relative strength index. The directional movement 
index which was developed by J. Welles identifies trading market as well as trending market. The article 
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recommends the use of directional movement index as follows: For ADX less than 20 use oscillators, for 
ADX rising from 15 to 25 use trend following system, for ADX above 30 use trend following system and 
for ADX declining below 30 use oscillators. Hence ADX provides clear direction. Holter (2009) in an 
ĂƌƚŝĐůĞ ŝŶ  “&ƵƚƵƌĞƐ ? ƌĞĐŽŵŵĞŶĚƐ ƚŚƌĞĞ ĐŽŵŵŽŶ ŵŽŵĞŶƚƵŵ ŝŶĚŝĐĂƚŽƌƐ P ƌĂƚĞ ŽĨ ĐŚĂŶŐĞ ? ƐƚŽĐŚĂƐƚŝĐ
oscillator and relative strength index. The article recommends the use of 14 day moving average for the 
relative strength index. The article uses the period of 9 days to calculate stochastic oscillator. 
Shik and Chong (2007) investigate the profitability of moving average and relative strength index on six 
currencies. The data was taken from New York Times for six currencies Australian dollar, US dollar, Swiss 
Franc, Japanese Yen, Euro and Deutsche Mark. The daily interest rate and interbank overnight rates 
were taken from respective banks. The continuously compounded daily returns were computed. The 
trading rules were evaluated for the period length 10 days, 20 days, 50 days and 150 days. For RSI-10, 
average annual returns varied from 3.17% to 9.01% and DEM/USD and JPY/USD showed significant 
returns. For MA-10, DEM/USD and JPY/USD showed significant returns with means returns of 6.09% and 
12.27% respectively. For MA-20, DEM/USD and JPY/USD showed significant returns. For RSI-50, JPY/USD 
showed significant annual return of 11.21%. For MA-50, again DEM/USD and JPY/USD showed 
significant returns. For RSI-150, DEM/USD and JPY/USD showed significant returns of 6.2% and 7.88% 
respectively. For MA-150, DEM/USD and JPY/USD showed significant return. Thus overall DEM/USD and 
JPY/USD showed excess returns for relative strength index and moving average. Moreover for 
DEM/USD, RSI is more profitable than MA whereas for JPY/USD, MA is more profitable than RSI. 
Levich and Thomas (1993) investigate the profitability of technical rules in foreign exchange market. 
They used the data on five currencies namely British pound, Canadian dollar, German mark, Japanese 
yen and Swiss franc. The data used was from I.P. Sharpe and Co. for the period January 1976 to 
December 1990. The article used filter rules and moving averages to investigate the profitability. For 
filter rules, 0.5%, 1%, 2%, 3%, 4% and 5% filters were used. For moving averages, 1-5, 5-20 and 1-200 
moving averages were used where former indicates short run moving average and later indicates long 
run moving average. The results show that the trading rules earned positive returns consistently over 15 
year period in foreign exchange market. German mark, Canadian dollar and Swiss franc were most 
profitable in sub-periods when there was no auto-correlation. Though the profits have been consistently 
decreasing over the period of time for which central bank intervention has been given the possible 
reason. 
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Loh (2007) investigates the performance of two technical trading rules moving average and stochastic 
oscillator and test for the weak form of efficiency in the market. The paper uses the data from 5 Asian-
Pacific stock markets namely Australia, Hong Kong, Japan, South Korea and Singapore for the period 
January 1990 to September 2005. The sample is sub-divided into three sub samples: January 1990 to 
March 1995, April 1995 to June 2000 and July 2000 to September 2005. The paper uses the integers 
between 1 and 5 for short run moving average. It recommends the period length for long run moving 
average to be between 5 and 20 for short term trends, between 20 and 65 for intermediate trends and 
200 for long term trends. The paper examines 5-20 and 5-65 rules. For stochastic oscillator, the paper 
uses the same period length as used in moving average. The results show that the use of stochastic 
oscillator increases the number of trades generated which thus increases the transaction cost. The 
stochastic oscillator showed significant forecasting power in Asia-pacific market. A combination of 
moving average with stochastic oscillator resulted in a superior trading strategy. Finally the paper 
concludes that using rules in isolation, as done by academics, only 50% of the trading signals were 
accurately predicted whereas using combination of rules, as done by practitioners, 75% of the trading 
signals were accurately predicted. 
Mizrach and Weerts (2009) analyzed the behavior of investors in using technical trading rules. The 
article states that the investors generally prefer using rule of thumb and like to trade most attention 
seeker stocks. This paper used stochastic oscillator test the performance of rule with variation to length 
of period. The lengths of period considered were 10-days, 25-days, 50-days, 100-days, 150-days, 200-
days and 52-week. The data used was from NYSE and NASDAQ for the period January 1993 to October 
2003. The average daily turnover for 10-day, 25-day, 50-day, 100-day, 150-day, 200-day and 52 week 
highs was 0.57, 0.68, 0.82, 0.93, 0.91, 1.16 and 1.36% respectively. The article used Fama-French three 
factor model to calculate daily returns. Finally the paper concludes that turnover increases with increase 
in length of period and persists for at least 2 weeks. 
In recent years there has been a growing interest in combining different technical rules in the field of 
technical analysis. Many papers have been published where the objective is to find optimal trading 
techniques or to combine the isolated techniques to increase their performance. Allen and Karjalainen 
(1999) used the genetic algorithm to find the technical trading rules for S&P 500 index. The data used 
was from January 1928 to December 1995 and the risk free rates were taken from CRSP and 
DataStream. Daily compounded returns were evaluated after adjusting for transaction cost. Total 89 
trading rules were found out of 100 trials. The standard deviation of returns was 14.7%. Using different 
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trading rules to form a portfolio of rules also helped to diversify risk. A sensitivity analysis was also 
carried out based on transaction cost of 0.1% and 0.5% and it was found that higher number of trades 
were carried out when transaction cost was low and vice versa. With transaction cost of 0.1% there 
were average 18 trades per year whereas with transaction cost of 0.5% there were average 1.4 trades 
per year. Hence lower transaction cost resulted in higher returns but in general these returns do not 
outperform the buy-hold strategy.  
Fyfe, Marney and Tarbert (1999) used investigated the pattern in data of a property investment 
company. The paper uses the genetic programming approach to find the optimal trading rules. The data 
was taken from the Financial Times information service for Land Security Plc for the period January 1980 
to July 1997. The returns were calculated as the difference of log of daily prices. Transaction cost is 
assumed to be 1% for a one way transaction. The following fittest rule was found using genetic 
programming approach: ܤݑݕ ൌ ݂݅ሾܾܽݏሺ݌ݎ݅ܿ݁ ? ?െ  ?Ǥ ? ? ? ? ? ?ሻሿ ൐ ݌ݎ݅ܿ݁ ݈݈ܵ݁ ൌ ݂݅ሾܾܽݏሺ݌ݎ݅ܿ݁ െ ݌ݎ݅ܿ݁ ?ሻሿ ൐  ? ݌ݎ݅ܿ݁ ൌ ݌ݎ݅ܿ݁ ? ?െ ܾܽݏሾ݌ݎ݅ܿ݁ െ ሺܽݒ݁ݎܽ݃݁ ? ?൅ ݌ݎ݅ܿ݁ሻሿ 
The above rule generates a total return over the period of 407.83% whereas buy-hold strategy 
generates a return of 335.53%. Thus the rule provides sufficient evidence against the efficient market 
hypothesis. The results were further investigated using Bootstrap methodology and it was found that 
only one of the three models tested were able to explain the excess returns of the trading rule. Finally 
the paper concludes that though the trading rule has earned excess profit above buy-hold strategy, it is 
difficult to determine whether this result can state that the market is inefficient. 
Neely, Weller and Dittmar (1997) investigated the profitability of technical trading rules in exchange rate 
market. The trading functions are computed by using arithmetic operations, Boolean operations, 
conditional operations, numerical constants and Boolean constants. Arithmetic operations include plus, 
minus, divide, multiply norm, average, max, min and lag. Boolean operations include and, or, not, 
greater than, and less than. Conditional operations include if-then and if-then-else. Boolean constants 
include true and false. The daily continuously compounded return is calculated by using the exchange 
rate and overnight interest rate. The paper used six exchange rates namely deutsche mark, yen, pound 
sterling, Swiss franc and US dollar. The exchange rates were collected at from NatWest Markets and S&P 
18 
 
Comstock at 4:00 p.m. local London time. The data for daily overnight interest rates were taken from BIS 
at 9:00 a.m. local London time. The data was taken for the period January 1974 to November 1995. The 
data for Japanese yen was taken for January 1982 to November 1995. The total sample was divided into 
three sub-samples: 1975-1977 as training period, 1978-1980 as selection period and 1981-1995 as 
validation period. The paper uses the different level of transaction cost for each period. The one-way 
transaction cost was taken to be 0.05%. The excess returns were positive for all currencies and the 
average return was 2.87% across all currencies. When the transaction cost was reduced from 0.05% to 
0.01%, the average number of trades for $/DM reduced from 107 to 76 and the average return 
increased by 0.15% annually. Finally the paper concludes that excess returns can be earned in foreign 
exchange market using genetic programming technique. The bootstrapping technique used captured the 
data which was not captured by standard models. Two possibilities have been put forward as an 
explanation to existence of excess returns in the market: information asymmetry and market 
inefficiency. 
Chenoweth, Obradovic and Lee (1996) compared the neural based trading system to directional 
movement index (ADX) indicator using S&P 500 index. The data used was for the period January 1982 to 
December 1993. The article recommends using 18 days period length in calculating ADX as this period 
has been proven to be optimal. The results indicate that ADX outperforms the neural network trading 
system and earns an annual return of 12.14%. Also on using neural networks with moving average 
convergence divergence (MACD) increased the returns earned by MACD from 11.03% to 15.99%. Hence 
using neural networks with technical trading systems does improve the forecasting ability. 
The above literature review is helpful and provides meaningful direction in achieving the objective of 
this paper. The literature review throws light on various technical trading rules used in the study, the 
specifications of these trading rules, the transaction cost involved and measuring the performance of 
the trading rules. Thus the literature review provides the valuable inputs in deciding the methodology of 
this paper. 
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Data and Methodology 
Data 
The paper is focused on the markets in developed countries rather than developing or under developed 
countries as the markets in developed countries is considered to be more efficient and hence are more 
challenging for the technical traders. The list of developed countries is taken from Financial Times Equity 
Index Series  W Country Classification (2009). The countries are then ranked as per the market 
capitalization of the major stock exchange in the country and the top six countries are chosen for the 
analysis. Following table shows the list of countries, the stock exchange and the market capitalization. 
 
Sr. No. Country Stock Exchange Market Capitalization by 
31/12/2010 (USD Billions) 
1 United States of America NYSE Euronext 15970 
2 United Kingdom London Stock Exchange 3613 
3 Canada Toronto Stock Exchange 2170 
4 Australia Australian Securities Exchange 1454 
5 Germany Deutsche Borse 1429 
6 Spain BME Spanish Exchanges 1171 
TABLE T1 
The data is taken for Yahoo Finance (2011) which is an easy accessible source of stock prices to an 
investor for most of the major stock exchanges. The data for Hong Kong, Japan and Switzerland were 
not considered as these were not available on Yahoo Finance. From each country, three companies 
having largest market capitalization in the respective stock exchange were chosen for the analysis. 
Following is the data for the country, stock and exchange and the companies. 
 
Sr. No. Country Stock Exchange Companies by market 
Capitalization 
1 United States of America NYSE Euronext Exxon Mobil 
Apple 
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General Electric 
2 United Kingdom London Stock Exchange BHP-Billiton 
HSBC 
Vodafone 
3 Canada Toronto Stock Exchange Barrick Gold 
Royal Bank Canada 
Suncor Energy 
4 Australia Australian Securities Exchange Rio-Tinto 
Commonwealth Bank of 
Australia 
Wesfarmers 
5 Germany Deutsche Borse Daimler 
Siemens 
SAP 
6 Spain BME Spanish Exchanges Banco Santander 
Iberdrola 
Telefonica 
TABLE T2 
Some of the companies which have higher market capitalization than some of the existing companies 
were not listed in the selected stock exchange. Example, Microsoft has higher market capitalization as 
compared to General Electric but was not selected since it is not listed on NYSE Euronext. Since one 
major stock exchange from each country has been selected, few of these companies were left out. The 
period of study was taken from 1 January 2005 to 31 December 2010. The period has been divided into 
three sub-periods each of two years each: 1 January 2005 to 31 December 2006, 1 January 2007 to 31 
December 2008 and 1 January 2009 to 31 December 2010.  
The paper evaluates the performance of the trading rules over simple buy-hold strategy for each of the 
three sub-periods. The technical rules are selected based upon their usage among academics as well as 
practitioners. The rules which are widely used both in the academic arena and trading arena are 
considered in this paper. Many of the academic studies such as by Park (2010), Fifield (2008), Brock 
(1992) and Bessembinder and Chan (1995) considered the use of moving average and channel breakout 
rules. Appel (2003), Chong & Ng (2008), Shik & Chong (2207) and Levich & Thomas (1993) considered 
21 
 
the use of moving average, moving average convergence divergence and relative strength index. Loh 
(2007) and Mizrach & Weerts (2009) used stochastic oscillator in their papers. Sehgal & Gupta (2007) 
conducted a study in Indian market and used moving average, moving average convergence divergence, 
volume oscillator, rate of change, relative strength index, commodity channel index, stochastic oscillator 
and directional indicator. Among practitioners, Bollinger bands, moving average, moving average 
convergence divergence, relative strength index and directional movement index is used by Financial 
Times in technical analysis. All the technical analysis indicators provided by Financial Times are also 
ƉƌŽǀŝĚĞĚďǇƚŚĞ/ŶǀĞƐƚŽƌ ?ƐŚƌŽŶŝĐůĞ ?ůŽŽŵďĞƌŐƵƐĞƐŽůůŝŶŐĞƌďĂŶĚƐ, rate of change, relative strength 
index, moving average convergence divergence, volume and stochastic oscillator. Thus common 
technical trading rules which will be used in this paper are moving average, channel breakout rule, 
moving average convergence divergence, Bollinger bands, relative strength index, stochastic oscillator 
and directional movement index.  
The daily trading in stock exchange also involves transaction cost for buy or selling of shares of a 
company. The transaction cost involves fees of the floor trader, money managers or the private 
transactors. Milionis & Papanagiotou (2009) used the one way transaction cost of 0.5% in their paper. 
Sehgal and Gupta (2007) in their paper on Indian stock market used the two way transaction cost of 
0.01%. Sweeny (1986) considered the two way transaction cost of 0.125%. Sweeny (1988) used the 
different transaction cost depending upon the type of investor. The paper used one way transaction cost 
of 0.05% for floor traders, 0.2% for money managers and 0.4% for private transactors. Stoll & Whaley 
(1983) used two way transaction cost of 3.84% for small firms and 2.02% for large firms. Allen & 
Karjalainen (1999) used the one way transaction cost of 0.1% and 0.5% in their paper. Thus in this paper 
three cases for one way transaction cost have been considered: 0.05%, 0.2% and 0.4%. The performance 
of the technical trading rules is examined by carrying out the sensitivity analysis using above values of 
transaction cost. The small firm effect also effects the stock price of a small firm during trading hence 
the role of volume becomes important in such firms. The firms considered here are large in size and 
have largest capitalization in their respective countries. The stocks of these firms are traded actively and 
hence the effect of volume on share price is negligible. 
The following logic has been used in constructing market position of an investor. Initially the investor is 
out of the market and uses the trading rules to know whether the share price of company is giving a buy 
decision or a sell decision. Depending upon the signal, an investor both enters the market and invests in 
the shares of the company or remains out of the market. The final position of an investor is to sell all his 
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investments and take position out of the market. The following logic has been constructed to decide the 
position of an investor as given in Allen and Karjalainen (1999). 
 
Sr. No. Initial Position (in/out) Trading Signal given by 
Trading Rule (buy/sell) 
Final Position (in/out) 
1 In Buy In 
2 In Sell Out 
3 Out Buy In 
4 Out Sell Out 
TABLE T3 
 
In this study the investor strategy is that when the investor is in the market he invests in the shares of 
the company and when the investor is out of the market he invests in risk free securities. The data for 
interest earned on investing in risk free security is taken from central bank interest rate of each country. 
The interest rates have been taken from Federal Bank of New York in USA, Bank of England in UK, Bank 
of Canada in Canada, Reserve Bank of Australia in Australia and European Central bank in Germany and 
Spain. The data for interest rates in each of these countries has been taken for the period 1 January 
2005 to 31 December 2010. The transaction cost of investing in risk free security is taken to be same as 
that for investing in shares of the company i.e. 0.05%, 0.2% and 0.4%.  
The continuously compounded returns are calculated as been done in Allen & Karjalainen (1999) and the 
transaction costs are deducted to determine the average daily returns from the trading strategy. During 
buying of securities an investor has to pay higher cost than the price as the transaction cost is included. 
Hence the total pay price during buying of security is ܤݑݕܲݎ݅ܿ݁ ൌ ܲ ? כሺ ? ൅ ሻܿ 
where P1 is the price of the security at time t1 and c is the one-way transaction cost. During selling of 
security, t days after buying it, an investor is offered lower price as compared to actual price. Hence the 
total pay price during selling of security is ݈݈ܵ݁ܲݎ݅ܿ݁ ൌ ܲ ? כ ሺ ? െ ܿሻ 
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where P2 is the price of the security at time t2 and c is the one-way transaction cost. Thus return from a 
single trade (one buy and one sell) is ݎ݁ݐݑݎ݊ ൌ ൫ܲ ? כሺ ? െ ሻܿ൯ െ ൫ܲ ? כሺ ? ൅ ሻܿ൯ 
Thus the average daily continuously compounded return is 
ݎ ൌ ൣ൫ܲ ? כሺ ? െ ሻܿ൯ െ ൫ܲ ? כሺ ? ൅ ሻܿ൯൧ݐ ? െ ݐ ?  
There are multiple trades which are carried out during each sub-period and the average return in each 
sub-period is arrived at by taking the average of all the daily compounded returns. The average daily 
continuously compounded return from a buy-hold strategy is calculated using the above equation and it 
involves a single trade only i.e. one buy and one sell. Comparing the returns from using a trading rule 
with returns from buy-hold strategy tells whether technical analysis is worth using and gives substantial 
profits. Fifield, Power & Knipe (2008), Sehgal & Gupta (2007) and Sweeny (1986) are some of the many 
papers which have used the excess returns over buy-hold strategy to evaluate the performance of the 
trading rules. The excess return is calculated by subtracting the return from a buy-hold strategy from the 
return from technical trading rule.  ߂ݎ ൌ ݎ௧௥௔ௗ௜௡௚௥௨௟௘ െ ݎ௕௨௬ି௛௢௟ௗ 
The more the excess returns of a trading rule better is its performance. But the mean returns of the 
trading rules which have been calculated using the above equations can have different levels of risk 
involved: i.e. they can have different standard deviation. Hence another performance measure is 
needed which can adjust the return for different levels of risk. Sullivan, Timmerman and White (1997) 
ƵƐĞĚƚŚĞŵĞĂŶƌĞƚƵƌŶĂŶĚƚŚĞ^ŚĂƌƉĞ ?ƐƌĂƚŝŽĂƐƚŚĞƉĞƌĨŽƌŵĂŶĐĞĐƌŝƚĞƌŝĂ ?Qi and Wu (2006) used mean 
ƌĞƚƵƌŶƐ ? ^ŚĂƌƉĞ ? ƌĂƚŝŽ ĂŶĚ :ĞŶƐĞŶ ?Ɛ ĂůƉŚĂ ƚŽ ŵĞĂƐƵƌĞ ƚŚĞ ƉĞƌĨŽƌŵĂŶĐĞ ŽĨ ƚŚĞ ƚĞĐŚŶŝĐĂů ƚƌĂĚŝŶŐ ƌƵůĞƐ ?
PĂƌŬ  ? /ƌǁŝŶ  ? ? ? ? ? ) ĂůƐŽ ƵƐĞĚ ^ŚĂƌƉĞ ?Ɛ ƌĂƚŝŽ ĂƐ Ă ƌŝƐŬ ĂĚũƵƐƚĞĚ ƉĞƌĨŽƌŵĂŶĐĞŵĞĂƐƵƌĞ ƚŽĐĂůĐƵůĂƚĞ ƚŚĞ
profits in US future market. In this paper, the performances of the technical trading rules are compared 
with each other to evaluate the best performing technical rule using the ^ŚĂƌƉĞ ?ƐƌĂƚŝŽ ? 
ܵ ൌ ݎ െ ݎ݂ߪ  
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Technical Trading rules 
There are numerous technical trading rules present today but not every rule is used. Few of the 
common rules used are dual moving average crossover, moving average convergence divergence, 
channel breakout rules, Bollinger bands, relative strength index, stochastic oscillator and directional 
movement index. These rules are applied on the data to generate buy or sell signal and are explained 
below. 
1. Dual Moving Average Crossover  W There are several moving averages which are popular with the 
academics as well as the investors such as simple moving average, exponential moving average, 
variable moving average, triangular moving average and dual moving average crossover. The 
dual moving average crossover (DMC) system makes use of two types of simple moving 
averages, a short run moving average and a long run moving average. The short run moving 
average is more sensitive to a price change as compared to a long run moving average. Some of 
the commonly used period lengths for a short run moving average are 1-day, 5-day, 10-day, 20-
day and 50-day. Some of the commonly used period lengths for the long run moving average are 
20-day, 50-day, 100-day, 150-day and 200-day. The length of the period depends upon whether 
the investor is involved in daily, monthly or yearly trading. Since this paper investigates the daily 
prices of securities hence the use of more sensitive moving averages will be made. For a short 
run moving average 5-day period has been chosen and for a long run moving average 20-day 
period has been chosen. Both the moving averages will be represented as MA5 and MA20 
respectively. If MA5 moves above MA20, it will generate a buy signal and if MA5 moves below 
MA20, it will generate a sell signal. ݂݅ܯܣହ ൐ ܯܣଶ଴ݐ݄݁݊ܤݑݕ ݂݅ܯܣହ ൏ ܯܣଶ଴ݐ݄݁݊݈݈ܵ݁ 
ܯܣହǡ௧ ൌ  ? ௜ܲ௖௧௜ୀ௧ିସ ?  
ܯܣଶ଴ǡ௧ ൌ  ? ௜ܲ௖௧௜ୀ௧ିଵଽ ? ?  
 
Where Pi
c is the closing share price at t th day. 
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2. Moving Average Convergence Divergence  W The Moving Average Moving Average Convergence 
Divergence (MACD) system is a trend following momentum indicator which makes use of two 
types of exponential moving averages, a short run moving average and a long run moving 
average. For a short run moving average 12-day period has been chosen and for a long run 
moving average 26-day period has been chosen. The lengths of these periods are a standard for 
MACD indicator and are generally used by almost every investor. The exponential moving 
averages are represented as EMA and will be calculated as follows 
ܧܯܣଵଶǡ௧ ൌ ൫ ௧ܲ௖ െ ܧܯܣଵଶǡ௧ିଵ൯ כ  ? ? ?൅  ?൅ ܧܯܣଵଶǡ௧ିଵ ܧܯܣଶ଺ǡ௧ ൌ ൫ ௧ܲ௖ െ ܧܯܣଶ଺ǡ௧ିଵ൯ כ  ? ? ?൅  ?൅ ܧܯܣଶ଺ǡ௧ିଵ 
 
The first exponential moving average is calculated as the simple moving average. Now MACD is 
calculated as the difference of short run exponential moving average and long run exponential 
moving average. Thereafter a nine day exponential moving average of MACD is calculated, MACD9, 
and compared with the MACD to generate a buy or sell signal. If MACD is greater than MACD9 a buy 
signal is generated and if MACD is less than MACD9 a sell signal is generated. ܯܣܥܦ௧ ൌ ܧܯܣଵଶǡ௧ െ ܧܯܣଶ଺ǡ௧ 
ܯܣܥܦଽǡ௧ ൌ ൫ܯܣܥܦ௧ െܯܣܥܦଽǡ௧ିଵ൯ כ  ? ? ൅  ?൅ ܯܣܥܦଽǡ௧ିଵ ݂݅ܯܣܥܦ௧ ൐ ܯܣܥܦଽǡ௧ିଵݐ݄݁݊ܤݑݕ ݂݅ܯܣܥܦ௧ ൏ ܯܣܥܦଽǡ௧ିଵݐ݄݁݊݈݈ܵ݁ 
3. Channel-breakout rule  W Channel-breakout rule is one of the reliable technical trading rules 
which make use of highs and lows to generate signals. It uses highs and lows of the past prices 
to form channels of trading. The length of period considered to calculate the highest and lowest 
low of past t days can range from 5 days to 200 days. For the use of channel-breakout rule in 
daily trading, a 20-day period length is considered since it is more sensitive for the use in daily 
trading. Initially the highest high and the lowest low of past 20 days is calculated 
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 ? ?݀ܽݕ݄݄݅݃ǡ ܪܪଶ଴ǡ௧ ൌ ሼ ௧ܲ௖ ǡ ௧ܲିଵ௖ ǡ ௧ܲିଶ௖ ǡ ǥǥǥǥ ǡ ௧ܲିଵଽ௖ ሽ  ? ?݀ܽݕ݈݋ݓǡ ܮܮଶ଴ǡ௧ ൌ ሼ ௧ܲ௖ ǡ ௧ܲିଵ௖ ǡ ௧ܲିଶ௖ ǡ ǥǥǥǥ ǡ ௧ܲିଵଽ௖ ሽ 
After calculating the highest high and the lowest low, an average of both the parameters is taken. 
This average is then compared with the closing price at that day. If the closing price is greater than 
the average price, a buy signal is generated and if the closing price is lesser than the average price, a 
sell signal is generated. 
ܣܸܩଶ଴ǡ௧ ൌ ܪܪଶ଴ǡ௧ ൅ ܮܮଶ଴ǡ௧ ?  ݂݅ ௧ܲ௖ ൐ ܣܸܩଶ଴ǡ௧ݐ݄݁݊ܤݑݕ ݂݅ ௧ܲ௖ ൏ ܣܸܩଶ଴ǡ௧ݐ݄݁݊݈݈ܵ݁ 
Where Pt
c is the closing price of t th day 
4. Bollinger Bands  W The Bollinger Band trading technique was given by John Bollinger in 1993 and 
ǁĂƐ ĨŝƌƐƚƉƵďůŝƐŚĞĚ ŝŶĂŶĂƌƚŝĐůĞ  “ŽůůŝŶŐĞƌĂŶĚƐ ? ŝŶ^ ?ŽŶƵƐ ŝƐƐƵĞ ?The Bollinger bands are 
plotted in a similar way as the moving average but they have an element of standard deviation 
also in them. The Bollinger bands try to contain about 75% of all the price variations from the 
average. Bollinger band comprises of three lines namely middle band, lower band and upper 
band. These bands are used to generate buy and sell signal. When the price moves above the 
middle band, it indicates market is in increasing condition and gives a buy signal. When the price 
moves below the middle band, it indicates market is in decreasing condition and gives a sell 
signal. When the price crosses below the lower band, it indicates the oversold condition and 
gives a buy signal. When the price crosses the upper band, it indicates the overbought condition 
and gives a sell signal. John Bollinger recommended the use 20 days period and 2 standard 
deviations to accurately calculate the bands. The middle band is the 20-day moving average of 
the closing price 
ܯܤଶ଴ǡ௧ ൌ  ? ௜ܲ௖௧௜ୀ௧ିଵଽ ? ?  
The upper band and the lower band are 20-day simple moving average plus and minus 2 times the 
standard deviation of closing price of past 20-days respectively. 
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ܷܤଶ଴ǡ௧ ൌ ܯܤଶ଴ǡ௧ ൅  ? כඩሺ ෍ ሺ ௜ܲ௖ െܯܤଶ଴ǡ௧ሻ ? ?ሻȀ݊௧௜ୀ௧ିଵଽ  
ܮܤଶ଴ǡ௧ ൌ ܯܤଶ଴ǡ௧ െ  ? כඩሺ ෍ ሺ ௜ܲ௖ െܯܤଶ଴ǡ௧ሻ ? ?ሻȀ݊௧௜ୀ௧ିଵଽ  
These bands are then compared with the closing price to generate trading signals as explained 
earlier ݂݅ ௧ܲ௖ ൐ ܯܤଶ଴ǡ௧ݐ݄݁݊ܤݑݕ ݂݅ ௧ܲ௖ ൏ ܯܤଶ଴ǡ௧ݐ݄݁݊݈݈ܵ݁ ݂݅ ௧ܲ௖ ൐ ܷܤଶ଴ǡ௧ݐ݄݁݊݈݈ܵ݁ ݂݅ ௧ܲ௖ ൏ ܮܤଶ଴ǡ௧ݐ݄݁݊ܤݑݕ 
Where Pt
c is the closing price at t th day 
5. Relative Strength index  W Relative strength index is one of the most popular technical trading 
rules used by investors for trading shares, commodities and foreign exchange. It was introduced 
ďǇ tĞůůĞƐ tŝůĚĞƌ ŝŶ  ? ? ? ? ŝŶ ŚŝƐ ďŽŽŬ  “EĞǁ ŽŶĐĞƉƚƐŽĨ dĞĐŚŶŝĐĂů dƌĂĚŝŶŐ ^ǇƐƚĞŵ ? ? dŚĞ ďŽŽŬ 
also introduced many other new technical trading rules. Wilder recommends the use of 14-day 
period for calculating relative strength index. Initially up-average of 14 days is calculated which 
is the sum of prices in past 14 days when the price changes increased divided by 14. Similarly 
down-average is calculated which is the sum of price changes in past 14 days when the prices 
decreased divided by 14. Relative strength is then calculated as the ratio of up-average and 
down-average and relative strength index is calculated as the percentage of relative strength. 
 ܷܣଵସǡ௧ ൌ  ? ሺܲ ௜௖ െ ௜ܲିଵ௖ ሻ௧௜ୀ௧ିଵଷ  ? ? ݂݅ ௜ܲ௖ ൐ ௜ܲିଵ௖  
 ܦܣଵସǡ௧ ൌ  ? ሺܲ ௜௖ െ ௜ܲିଵ௖ ሻ௧௜ୀ௧ିଵଷ  ? ? ݂݅ ௜ܲ௖ ൏ ௜ܲିଵ௖  
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ܴܵଵସǡ௧ ൌ ܷܣଵସǡ௧ܦܣଵସǡ௧ 
 ܴܵܫଵସǡ௧ ൌ  ? ? ?כ ܴܵଵସǡ௧ ? ൅ܴܵଵସǡ௧ 
 
The Relative strength index (RSI) takes value between 0 and 100. Higher values of RSI means that 
the market is considered to be overbought and is expected to come down. The value of RSI above 
which the market is considered to be overbought is 70. Lower values of RSI means that the market is 
considered to be oversold and is expected to go up. The value of RSI below which the market is 
considered to be oversold is 30. The RSI value of 50 is considered to be an average value. If RSI is 
more than 50 but less than 70, it indicates the buy signal. If RSI is less than 50 but more than 30, it 
indicates the sell signal. ݂݅ܴܵܫ ൐  ? ?ܽ݊݀ܴܵܫ ൏  ? ?ݐ݄݁݊ܤݑݕ ݂݅ܴܵܫ ൏  ? ?ܽ݊݀ܴܵܫ ൐  ? ?ݐ݄݁݊݈݈ܵ݁ ݂݅ܴܵܫ ൐  ? ?ݐ݄݁݊݈݈ܵ݁ ݂݅ܴܵܫ ൏  ? ?ݐ݄݁݊ܤݑݕ 
6. Stochastic Oscillator  W Stochastic oscillator is a momentum indicator which was developed by 
'ĞŽƌŐĞ ?>ĂŶĞŝŶůĂƚĞ ? ? ? ? ?Ɛ ?/ƚŚĂƐďĞĞŶƵƐĞĚǁŝĚĞůǇƐŝŶĐĞ ƚŚĞŶ ?/ƚĐŽŵƉĂƌĞƐƚŚĞĐůŽƐŝŶŐƉƌŝĐĞ
with the high price and low price of past n periods. Lane recommended the use of 14 day period 
to calculate stochastic oscillator value. Initially a parameter, %K-14, is calculated as the 
percentage ratio of difference of closing price and minimum price of past 14 days to difference 
of maximum price of past 14 days and minimum price of past 14 days.  Now %D-3 days is 
calculated as the 3-days simple moving average of %K-14. The %D is than compared with %K to 
generate buy or sell signal. If %D is greater than %K, a buy signal is generated and if %D is lower 
than %K, a sell signal is generated. 
 ?ܭଵସǡ௧ ൌ ሺ ௧ܲ௖ െሼ ௧ܲ௖ ǡ ௧ܲିଵ௖ ǡ ௧ܲିଶ௖ ǡ ǥǥ Ǥ ௧ܲିଵଷ௖ ሽሻ כ  ? ? ?ሼ ௧ܲ௖ ǡ ௧ܲିଵ௖ ǡ ௧ܲିଶ௖ ǡ ǥǥ Ǥ ௧ܲିଵଷ௖ ሽ െሼ ௧ܲ௖ ǡ ௧ܲିଵ௖ ǡ ௧ܲିଶ௖ ǡ ǥǥ Ǥ ௧ܲିଵଷ௖ ሽ 
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 ?ܦଵସǡ௧ ൌ  ?  ?ܭଵସǡ௜௧௜ୀ௧ିଶ ?  ݂݅ ?ܦଵସǡ௧ ൐  ?ܭଵସǡ௧ݐ݄݁݊ܤݑݕ ݂݅ ?ܦଵସǡ௧ ൏  ?ܭଵସǡ௧ݐ݄݁݊݈݈ܵ݁ 
Where Pt
c is the closing price at t th day 
7. Directional Movement index  W Directional Movement Index was given by Welles Wilder in his 
book in 1978. It is one of the popular indicators and involves complex computation method. It 
involves the calculation of other indicators as well such as true range and directional indicator. 
The recommended period by Wilder is 14 days to calculate true range and directional indicator. 
Initially daily true range is calculated as the difference of daily maximum price and daily 
minimum price. The 14-day true range is calculated which is the weighted average sum of 
previous 14-day true range and current true range. ܴܶଵǡ௧ ൌ ௧ܲ௛ െ ௧ܲ௟  
ܴܶଵସǡ௧ ൌ  ? ?כ ܴܶଵସǡ௧ିଵ ? ? ൅ ܴܶଵǡ௧ 
After calculating true range, directional movement is calculated based on 1 day period. There are 
two types of directional movement: positive directional movement and negative directional 
movement. Positive directional movement is the indicator that market is trending upwards and 
negative directional movement is the indicator that market rending downwards. Positive directional 
movement is calculated as the difference of current high and previous day high if the current high is 
greater than previous day high and the difference of current high and previous day high is greater 
than the difference of previous day low and current low otherwise positive directional movement is 
zero. Negative directional movement is calculated as the difference of previous day low and current 
low if the previous day low is greater than current low and the difference of previous day low and 
current low is greater than the difference of current high and previous day high. ܦܯ ൅ଵǡ௧ൌ ௧ܲ௛ െ ௧ܲିଵ௛ ݂݅ ௧ܲ௛ െ ௧ܲିଵ௛ ൐ ௧ܲିଵ௟ െ ௧ܲ௟ ܽ݊݀ ௧ܲ௛ ൐ ௧ܲିଵ௛  ܦܯ ൅ଵǡ௧ൌ  ?݋ݐ݄݁ݎݓ݅ݏ݁ 
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ܦܯ െଵǡ௧ൌ ௧ܲିଵ௟ െ ௧ܲ௟ ݂݅ ௧ܲିଵ௟ െ ௧ܲ௟ ൐ ௧ܲ௛ െ ௧ܲିଵ௛ ܽ݊݀ ௧ܲିଵ௟ ൐ ௧ܲ௟ ܦܯ െଵǡ௧ൌ  ?݋ݐ݄݁ݎݓ݅ݏ݁ 
After calculating 1 day period directional movement, a 14-day period directional movement is 
calculated for the positive directional movement and negative directional movement. 14-day 
directional movement is the weighted average sum of previous 14-day directional movement and 
current 14-day directional movement for both the cases. 
ܦܯ ൅ଵସǡ௧ൌ  ? ?כ ܦܯ ൅ଵସǡ௧ିଵ ? ? ൅ ܦܯ ൅ଵǡ௧ ܦܯ െଵସǡ௧ൌ  ? ?כ ܦܯെଵସǡ௧ିଵ ? ? ൅ ܦܯ െଵǡ௧ 
After calculating 14-day directional movement, 14-day directional indicator is calculated. A positive 
14-day directional indicator is the percentage of positive 14-day directional movement to 14-day 
true range and a negative 14-day directional indicator is the percentage of negative 14-day 
directional movement to 14-day true range. 
ܦܫ ൅ଵସǡ௧ൌ  ? ? ?כ ܦܯ ൅ଵସǡ௧ܴܶଵସǡ௧  
ܦܫ െଵସǡ௧ൌ  ? ? ?כ ܦܯ െଵସǡ௧ܴܶଵସǡ௧  
Now buy or sell signal is generated based on the position of both the indicators, positive directional 
indicator and negative directional indicator. If the positive directional indicator is greater than 
negative directional indicator, a buy signal is generated and if the positive directional indicator is 
lower than negative directional indicator, a sell signal is generated. ݂݅ܦܫ ൅ଵସǡ௧൐ ܦܫ െଵସǡ௧ ݐ݄݁݊ܤݑݕ ݂݅ܦ ൅ଵସǡ௧൏ ܦܫ െଵସǡ௧ ݐ݄݁݊݈݈ܵ݁ 
8. Idle scenario  W Idle scenario is the case when theoretically investors knows in advance future 
price and is able to take position according to it.  When current closing price is greater than 
previous day closing price, a buy signal is generated and when current closing price is lower than 
previous day closing price, a sell signal is generated. 
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 ݂݅ ௧ܲ௖ ൐ ௧ܲିଵ௖ ݐ݄݁݊ܤݑݕ 
 ݂݅ ௧ܲ௖ ൏ ௧ܲିଵ௖ ݐ݄݁݊݈݈ܵ݁ 
 
dŚĞ ƐĞǀĞŶ ƚĞĐŚŶŝĐĂů ƌƵůĞƐ ĂƌĞ ĐŽŵƉĂƌĞĚ ǁŝƚŚ ƚŚĞ ŝĚůĞ ƐĐĞŶĂƌŝŽ ƵƐŝŶŐ ^ŚĂƌƉĞ ?Ɛ ƌĂƚŝŽ ĂƐ ƐƉĞĐŝĨŝĞĚ
earlier. 
The above technical indicators have to be evaluated on the basis of transaction cost, investor strategy 
and country. Hence it is efficient to use software programming to develop programming codes for each 
of the technical rule mentioned above. These programming codes have been written in Visual Basic 
Application (VBA) as it is directly linked with Microsoft excel and is easy to use. The programming code 
and excel file of each technical rule is given in the appendix A and a sample for dual moving average 
crossovers is as follows 
Option Explicit 
Sub ideal() 
Dim i As Integer 
Dim j As Integer 
Dim initial As Integer 
Dim final As Integer 
Dim r As Double 
Dim avgr As Double 
Dim c As Double 
final = 0 
c = 0.004 
For i = 3 To 1512 
If ActiveSheet.Cells(i, 8) = "Out" And ActiveSheet.Cells(i, 9) = "Buy" Then initial = i 
Else If ActiveSheet.Cells(i, 8) = "In" And ActiveSheet.Cells(i, 9) = "Sell" Then final = i 
End If 
32 
 
End If 
If final > 0 Then 
For j = initial + 1 To final 
r = Log(ActiveSheet.Cells(final, 6) * (1 - c) / (ActiveSheet.Cells(initial, 6) * (1 + c))) 
avgr = r / (final - initial) 
ActiveSheet.Cells(j, 11) = avgr 
Next j 
Else: ActiveSheet.Cells(i, 11) = ActiveSheet.Cells(I,13) 
End If 
final = 0 
Next i 
End Sub 
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Technical Rules Combination 
In recent years many papers have been published on improving the performance of technical rules by 
combining them through the use of simple logic or using advanced genetic algorithm which evolve rules 
by itself. For practitioners, the use of genetic algorithm is more complicated as it involves a special 
software program using which involves cost as well as time. Hence a separate model needs to be 
created which can adjust the transaction cost by including the cost of the software and the processing 
time of the software. Whereas using simple logical functions have a lower chance of forming successful 
rules as compared to the advanced genetic algorithm but the cost and time involved are negligible. Such 
combinations can be developed using readily available and cheap softwares such as Microsoft Office. 
Thus this paper will use simple logical functions  ?E ?and  ?KZ ?to combine the technical rules. Initially 
an individual performance of all the rules is evaluated using methodology described in previous sections. 
The performance of the rules is evaluated using excess returns and ^ŚĂƌƉĞ ?Ɛ ƌĂƚŝŽ ĂŶĚ ƚŚĞ ƚǁŽ ďĞƐƚ
performing rules are selected. These two rules are then combined with each other to form a new rule 
which may have better performance than both of these two rules. When  ?E ?logic is used, a buy 
signal is generated when both the parent technical rules generate the buy signal. When  ?KZ ?logic is 
used, a buy signal is generated when either of the parent technical rule generates the buy signal. For 
example suppose if there are two rules which have performed better than the others: dual moving 
average crossovers and channel breakout rules. The following logic describes each one of them 
 
 
Dual Moving Average Crossovers 
> 
Average 
5 
Average 
20 
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Channel Breakout rule 
The combination rules are as follows 
 
Combination Rule 1 
 
Combination Rule 2 
Thus in this manner rules can be logically combined to form combinations which may have better 
performance as compared to parents. The performance of these combinations of rules is evaluated 
using the excess returns over buy-ŚŽůĚ ƐƚƌĂƚĞŐǇ ĂŶĚ ^ŚĂƌƉĞ ?Ɛ ƌĂƚŝŽ ? dŚĞ ĐŽŵďŝŶĂƚŝŽŶ ƌƵůĞƐ ĂƌĞƚŚĞŶ
compared to the parent rules. If the combination rule shows better performance than both the parents 
than it is selected and if it does not results in a better performance than either of the parents than that 
combination is discarded. 
> 
Price Average 
Min 
20 
Max 
20 
AND 
DMC CBR 
OR 
DMC CBR 
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Empirical Results 
The results of the analysis are summarized in the tables below which have been made on the basis of 
transaction cost and sub-period. There are 6 countries each having three companies, total 18 cases, and 
seven trading rules dual moving average (DMC), moving average convergence divergence (MACD), 
channel breakout rule (CBR), Bollinger bands (BB), relative strength index (RSI), stochastic oscillator (SO) 
and directional movement index (DMI) are tested on each of the company. Table 1A summarizes the 
result for the period 2005-2006 and transaction cost 0.4%. The DMC indicator has shown positive 
portfolio performance in seven cases but has shown excess returns over buy-hold strategy only in one 
case. The MACD indicator has performed the best as compared to the other trading rules. It has shown 
positive portfolio performance and excess returns over buy-hold strategy in all the cases for the year 
2005-2006. The second best rule for this period is DMI which has shown positive portfolio performance 
in 6 cases and excess returns over buy-hold strategy in 5 cases. All the other indicators CBR, BB, RSI and 
SO have shown negative portfolio performance and negative excess returns over buy-hold strategy. The 
maximum annual daily returns for 2005-2006 was of Apple and it was approximately 0.143% after 
allowing for transaction costs. The highest portfolio performance was of Barrick Gold of about 0.938. All 
the three Canadian companies have shown the superior portfolio performance for the MACD indicator 
as compared to the other companies. 
Table 1B summarizes the results for the period 2007-2008 and transaction cost of 0.4%. The period of 
2007-2008 was the period of recession in the developed countries. In this period, the DMC indicator has 
shown positive portfolio performance in 2 cases and positive excess returns over buy-hold strategy in 1 
case. The MACD indicator has performed better as compared to the other indicators and has shown 
positive portfolio performance in 15 cases and positive excess returns over buy-hold strategy in all the 
18 cases. The DMI indicator showed positive portfolio performance in 1 case and positive excess returns 
over buy-hold strategy in 5 cases. The maximum annual daily return for the year 2007-2008 was 
0.2176% of Rio Tinto after allowing for transaction cost and the maximum portfolio performance was of 
Apple of about 0.819. Also for MACD indicator, the excess returns over buy-hold strategy increased in 
the period 2007-2008 as compared to the period 2005-2006. The reason was that during 2007-2008 the 
recession led to increased volatility in the market which increased the daily returns for an investor. 
Table 1C summarizes the results for the period 2009-2010 and transaction cost of 0.4%. In this period, 
the MACD indicator has shown positive portfolio performance and excess positive returns over buy-hold 
strategy in all the cases. The DMC indicator has shown positive portfolio performance in 11 cases and 
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positive excess return over buy-hold strategy in 2 cases. The DMI indicator showed positive portfolio 
performance in 8 cases and positive excess returns over buy-hold strategy in 2 cases. The highest 
portfolio performance was 0.922 of BHP Billiton and the highest excess return over buy-hold strategy 
was of General Electric. dŚĞŽƚŚĞƌ ŝŶĚŝĐĂƚŽƌƐŚĂǀĞ ƐŚŽǁŶŶĞŐĂƚŝǀĞ^ŚĂƌƉĞ ?Ɛ ƌĂƚŝŽĂŶĚŶĞŐĂƚŝǀĞ excess 
returns over buy-hold mostly. 
Hence for the transaction cost of 0.4%, MACD, DMC and DMI has shown better performance and excess 
returns as compared to the other indicators with MACD giving the best results. 
Table 2A summarizes the results for the period 2005-2006 and transaction cost 0.2%. This table also 
indicates that MACD indicator has performed better as compared to the other indicators with positive 
portfolio performance and excess returns in all the 18 cases. The other indicators which have shown 
considerable positive portfolio performance and excess returns are DMC, CBR and DMI. The other rules 
BB, RSI and SO have only few cases where they have shown positive results. The highest portfolio 
performance and highest excess returns are that of Banco Santander having 0.859 and Suncor energy 
having 0.2456% respectively. From the Table 1A and Table 2A, it can be observed that with decrease in 
transaction cost both the portfolio performance and the excess returns over buy-hold strategy have 
increased. The excess returns have increased by 0.01% to 0.07% with 0.2% decrease in transaction cost. 
Table 2B summarizes the results for the period 2007-2008 and transaction cost 0.2%. The MACD 
indicator has shown superior results as compared to the other trading rules. The highest portfolio 
performance is shown by Apple and has a portfolio performance of 0.859. The highest excess returns 
over buy-hold strategy is shown by Rio Tinto and has excess returns of approximately 0.29% after 
allowing for transaction cost. All the other rules have shown very few positive results both in portfolio 
performance and excess returns. The period of 2007-2008 was that of recession and it can be observed 
by comparing Table 2A and Table 2B that the excess returns in the later are more as compared to the 
former due to increase in market volatility. By comparing Table 1B with Table 2B, with transaction cost 
as variable, we find that the both the portfolio performance and the excess returns have increased with 
decrease in transaction cost. The portfolio performance has increased by 0.01 to 0.1 and the excess 
returns have increased by approximately 0.02%. 
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Year Country Company 
DMC MACD CBR BB RSI SO DMI 
S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ 
2
0
0
5
-2
0
0
6
 
USA 
Exxon Mobil 0.019 -0.0155% 0.444 0.0666% 0.025 -0.0128% -0.084 -0.0654% -0.098 -0.0573% -0.259 -0.1385% 0.042 -0.0075% 
Apple -0.059 -0.0554% 0.417 0.1429% -0.027 -0.0304% -0.068 -0.0994% -0.098 -0.1342% -0.060 -0.0698% 0.095 0.0426% 
General Electric -0.257 -0.0312% 0.144 0.0324% -0.345 -0.1025% -0.412 -0.1342% -0.355 -0.0900% -0.571 -0.1220% -0.293 -0.0684% 
UK 
BHP-Billiton 0.113 0.0338% 0.660 0.1313% 0.144 0.0434% 0.007 -0.0117% -0.046 -0.0511% -0.115 -0.1000% 0.051 0.0059% 
HSBC -0.097 -0.0007% 0.165 0.0313% -0.159 -0.0388% -0.279 -0.0888% -0.377 -0.0766% -0.539 -0.1190% -0.205 -0.0383% 
Vodafone -0.226 -0.0581% 0.074 0.0442% -0.209 -0.0572% -0.179 -0.0532% -0.132 -0.0405% -0.394 -0.2055% -0.216 -0.0447% 
Canada 
Barrick Gold -0.077 -0.0259% 0.938 0.1164% 0.121 0.0262% -0.101 -0.0745% -0.125 -0.0784% -0.169 -0.1196% -0.105 -0.0475% 
Royal bank Canada -0.183 -0.0643% 0.697 0.1117% -0.202 -0.0832% -0.159 -0.1127% -0.216 -0.1724% -0.327 -0.0787% -0.185 -0.0807% 
Suncor Energy 0.066 -0.0195% 0.701 0.1429% 0.105 -0.0027% -0.051 -0.0982% -0.076 -0.1076% -0.102 -0.1420% 0.242 0.0350% 
Australia 
Rio Tinto 0.014 -0.0239% 0.123 0.1054% -0.018 -0.0399% -0.034 -0.0549% -0.101 -0.0915% -0.196 -0.1586% 0.075 0.0060% 
Commonwealth Bank 
of Australia 
-0.084 -0.0299% 0.422 0.0311% -0.022 -0.0181% -0.121 -0.0589% -0.179 -0.0605% -0.460 -0.1426% -0.068 -0.0309% 
Wesfarmers -0.314 -0.0328% 0.392 0.0780% -0.205 -0.0195% -0.214 -0.0794% -0.302 -0.0870% -0.464 -0.1408% -0.176 -0.0421% 
Germany 
Daimler 0.024 -0.0032% 0.552 0.1065% -0.009 -0.0128% -0.113 -0.0719% -0.108 -0.0474% -0.248 -0.1227% -0.027 -0.0204% 
Siemens -0.102 -0.0221% 0.586 0.0795% 0.025 0.0029% -0.125 -0.0477% -0.175 -0.0868% -0.290 -0.1234% -0.187 -0.0497% 
SAP -0.060 -0.0151% 0.364 0.0594% 0.021 0.0014% -0.104 -0.0430% -0.150 -0.0650% -0.296 -0.1431% -0.129 -0.0275% 
Spain 
Banco Santander 0.147 -0.0014% 0.613 0.0448% -0.028 -0.0304% -0.137 -0.0766% -0.044 -0.0396% -0.330 -0.1259% -0.318 -0.0376% 
Iberdrola 0.171 0.0005% 0.375 0.0575% 0.108 -0.0053% -0.014 -0.0427% 0.060 -0.0096% -0.331 -0.1499% 0.182 0.0062% 
Telefonica -0.153 -0.0185% 0.200 0.0332% -0.099 -0.0227% -0.175 -0.0548% -0.370 -0.0963% -0.450 -0.1365% -0.200 -0.0501% 
 
TABLE 1A1 
                                                          
1
 Table 1A presents the full summary of the technical trading rules for the year 2005-2006 and transaction cost as 0.4%. S is the performance parameter 
^ŚĂƌƉĞ ?ƐƌĂƚŝŽĂŶĚȴr is the excess return of technical rule over buy-hol
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TABLE 1B2
                                                          
2
 Table 1B presents the full summary of the technical trading rules for the year 2007-2008 and transaction cost as 0.4%. S is the performance parameter 
^ŚĂƌƉĞ ?ƐƌĂƚŝŽĂŶĚȴr is the excess return of technical rule over buy-hold strategy. 
Year Country Company 
DMC MACD CBR BB RSI SO DMI 
S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ 
2
0
0
7
-2
0
0
8
 
USA 
Exxon Mobil -0.160 -0.0292% 0.507 0.1379% -0.200 -0.2141% -0.158 -0.1474% -0.192 -0.1921% 0.037 0.0460% -0.229 -0.1345% 
Apple 0.044 0.0313% 0.819 0.2348% 0.058 0.0509% 0.065 0.0853% -0.043 -0.0237% -0.165 -0.1627% 0.172 0.1012% 
General Electric -0.162 0.0086% -0.005 0.0862% -0.190 -0.0537% -0.178 -0.1021% -0.225 -0.1169% -0.163 -0.1036% -0.152 0.0116% 
UK 
BHP-Billiton 0.007 -0.0029% 0.557 0.2171% 0.007 -0.0007% 0.058 0.0577% -0.134 -0.1674% -0.084 -0.1240% -0.102 -0.1153% 
HSBC -0.312 -0.0367% 0.143 0.0872% -0.350 -0.0996% -0.205 -0.0851% -0.174 -0.1021% -0.375 -0.1737% -0.219 -0.0089% 
Vodafone -0.246 -0.0712% 0.271 0.0766% -0.310 -0.2082% -0.183 -0.1331% -0.168 -0.1023% -0.083 -0.0497% -0.176 -0.0619% 
Canada 
Barrick Gold -0.174 -0.1571% 0.505 0.2163% -0.095 -0.0918% -0.158 -0.2100% -0.153 -0.1541% -0.115 -0.1581% -0.109 -0.0680% 
Royal bank Canada -0.301 -0.0749% 0.169 0.0785% -0.259 -0.1040% -0.207 -0.1093% -0.158 -0.0683% -0.288 -0.1488% -0.426 -0.0993% 
Suncor Energy -0.185 -0.1536% -0.049 0.1084% -0.222 -0.1489% -0.197 -0.2545% -0.124 -0.0526% -0.131 -0.1147% -0.228 -0.1258% 
Australia 
Rio Tinto -0.030 0.0671% 0.419 0.2716% -0.033 0.0614% 0.039 0.1264% -0.111 -0.0287% -0.165 -0.1278% -0.004 0.0794% 
Commonwealth Bank 
of Australia 
-0.288 0.0043% -0.068 0.0489% -0.143 -0.1143% -0.161 -0.1669% -0.279 -0.1277% -0.282 -0.1376% -0.238 -0.0473% 
Wesfarmers -0.280 -0.0691% -0.065 0.0659% -0.286 -0.0593% -0.159 -0.0746% -0.207 -0.0474% -0.264 -0.1742% -0.171 -0.0149% 
Germany 
Daimler -0.141 -0.0052% 0.196 0.1569% -0.137 -0.0058% -0.173 -0.1048% -0.329 -0.1815% -0.250 -0.1700% -0.104 0.0053% 
Siemens -0.113 -0.0033% 0.742 0.1786% 0.009 0.0536% -0.018 0.0332% -0.086 -0.0372% -0.162 -0.1232% -0.050 0.0275% 
SAP -0.220 -0.0159% 0.156 0.1094% -0.210 -0.0256% -0.200 -0.0900% -0.214 -0.0552% -0.206 -0.0968% -0.131 -0.0166% 
Spain 
Banco Santander -0.151 0.0003% 0.057 0.1021% -0.228 -0.0417% -0.158 -0.0684% -0.207 -0.0899% -0.203 -0.1236% -0.113 0.0430% 
Iberdrola -0.232 -0.1120% 0.155 0.0885% -0.147 -0.0797% -0.176 -0.0986% -0.130 -0.0796% -0.243 -0.1246% -0.069 -0.0095% 
Telefonica -0.088 -0.0112% 0.308 0.0920% -0.175 -0.0957% -0.253 -0.1656% -0.099 -0.0620% -0.250 -0.1084% -0.191 -0.0780% 
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Year Country Company 
DMC MACD CBR BB RSI SO DMI 
S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ 
2
0
0
9
-2
0
1
0
 
USA 
Exxon Mobil -0.213 -0.0507% 0.393 0.0699% -0.147 -0.0447% -0.241 -0.1134% -0.176 -0.0599% -0.246 -0.1215% -0.049 -0.0029% 
Apple 0.254 -0.0174% 0.669 0.0903% 0.327 0.0403% 0.104 -0.0289% 0.217 0.0382% -0.116 -0.1797% 0.490 0.0450% 
General Electric 0.122 0.0479% 0.525 0.2128% 0.138 0.0610% -0.105 -0.1036% 0.038 0.0376% -0.232 -0.2243% 0.155 0.0698% 
UK 
BHP-Billiton 0.046 -0.0372% 0.922 0.1483% 0.027 -0.0392% 0.009 -0.0463% -0.015 -0.0656% -0.160 -0.2021% 0.026 -0.0420% 
HSBC -0.050 -0.0163% 0.340 0.1073% -0.098 -0.0682% -0.115 -0.1006% 0.003 0.0098% -0.122 -0.1223% -0.034 -0.0298% 
Vodafone -0.009 -0.0156% 0.380 0.0613% -0.008 -0.0168% -0.051 -0.0419% -0.077 -0.0503% -0.032 -0.0277% -0.060 -0.0356% 
Canada 
Barrick Gold -0.226 -0.1126% 0.505 0.1301% -0.101 -0.0625% -0.086 -0.0890% -0.201 -0.1858% -0.104 -0.1250% -0.096 -0.0591% 
Royal bank Canada 0.062 -0.0039% 0.345 0.0863% -0.058 -0.0497% -0.103 -0.0718% -0.134 -0.1130% -0.222 -0.1664% 0.020 -0.0184% 
Suncor Energy -0.187 -0.1180% 0.516 0.1556% -0.199 -0.1792% -0.108 -0.1173% -0.020 -0.0426% -0.077 -0.1158% -0.108 -0.1341% 
Australia 
Rio Tinto 0.066 -0.0215% 0.885 0.1483% 0.033 -0.0369% -0.061 -0.1362% -0.068 -0.0996% -0.093 -0.1648% 0.057 -0.0267% 
Commonwealth Bank 
of Australia 
0.102 -0.0101% 0.467 0.0899% 0.042 -0.0171% -0.024 -0.0459% -0.094 -0.0907% -0.153 -0.1365% 0.010 -0.0283% 
Wesfarmers 0.024 -0.0361% 0.496 0.0873% -0.046 -0.0749% -0.098 -0.1344% -0.030 -0.0619% -0.152 -0.1486% -0.048 -0.0827% 
Germany 
Daimler -0.160 -0.1131% 0.626 0.2066% 0.033 -0.0260% -0.031 -0.0694% -0.143 -0.1518% -0.237 -0.2303% 0.080 -0.0091% 
Siemens 0.056 -0.0228% 0.489 0.0986% -0.053 -0.0763% -0.040 -0.0681% -0.058 -0.0858% -0.041 -0.0779% -0.022 -0.0526% 
SAP 0.011 -0.0202% 0.650 0.0824% 0.040 -0.0119% -0.085 -0.0689% -0.028 -0.0367% -0.388 -0.1984% -0.032 -0.0337% 
Spain 
Banco Santander 0.056 0.0204% 0.294 0.1304% -0.022 -0.0169% -0.048 -0.0409% -0.029 -0.0323% -0.155 -0.1450% 0.003 -0.0010% 
Iberdrola 0.132 0.0530% 0.853 0.1478% 0.119 0.0569% -0.088 -0.0339% -0.126 -0.0477% -0.435 -0.2187% -0.166 -0.0370% 
Telefonica -0.177 -0.0437% 0.297 0.0580% -0.135 -0.0721% -0.183 -0.0920% -0.147 -0.0524% -0.334 -0.1353% -0.116 -0.0267% 
 
TABLE 1C3
                                                          
3
 Table 1C presents the full summary of the technical trading rules for the year 2009-2010 and transaction cost as 0.4%. S is the performance parameter 
^ŚĂƌƉĞ ?ƐƌĂƚŝŽĂŶĚȴr is the excess return of technical rule over buy-hold strategy. 
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Year Country Company 
DMC MACD CBR BB RSI SO DMI 
S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ 
2
0
0
5
-2
0
0
6
 
USA 
Exxon Mobil 0.076 -0.0034% 0.602 0.1214% 0.113 0.0447% 0.005 0.0188% -0.011 0.0122% -0.077 -0.0230% 0.122 0.0495% 
Apple -0.046 -0.0201% 0.458 0.1819% -0.005 0.0124% -0.039 -0.0360% -0.071 -0.0745% 0.016 0.0335% 0.114 0.0762% 
General Electric -0.202 -0.0160% 0.332 0.0526% -0.306 -0.0682% -0.282 -0.0811% -0.261 -0.0516% -0.200 -0.0404% -0.243 -0.0418% 
UK 
BHP-Billiton 0.145 0.0799% 0.754 0.1788% 0.205 0.0951% 0.073 0.0679% 0.010 0.0257% -0.009 0.0109% 0.102 0.0590% 
HSBC -0.024 0.0148% 0.362 0.0517% -0.109 -0.0119% -0.162 -0.0349% -0.240 -0.0356% -0.183 -0.0324% -0.140 -0.0134% 
Vodafone -0.200 -0.0559% 0.204 0.0530% -0.165 -0.0443% -0.093 -0.0234% -0.053 -0.0087% -0.249 -0.1409% -0.156 -0.0301% 
Canada 
Barrick Gold -0.026 0.0080% 1.116 0.1520% 0.200 0.0622% -0.032 -0.0071% -0.055 -0.0160% -0.038 -0.0136% -0.059 -0.0069% 
Royal bank Canada -0.162 -0.0664% 0.767 0.1100% -0.172 -0.0778% -0.117 -0.0892% -0.165 -0.1382% -0.084 -0.0151% -0.159 -0.0780% 
Suncor Energy 0.096 0.0664% 0.794 0.2292% 0.163 0.0913% 0.005 0.0179% -0.018 0.0018% -0.002 0.0127% 0.300 0.1202% 
Australia 
Rio Tinto 0.045 0.0396% 0.661 0.1716% 0.024 0.0340% 0.038 0.0493% -0.033 0.0019% -0.065 -0.0247% 0.130 0.0772% 
Commonwealth Bank 
of Australia 
-0.023 0.0178% 0.662 0.0810% 0.078 0.0360% -0.001 0.0215% -0.055 0.0082% -0.193 -0.0376% 0.015 0.0251% 
Wesfarmers -0.260 -0.0241% 0.525 0.0872% -0.149 -0.0070% -0.129 -0.0389% -0.207 -0.0498% -0.224 -0.0673% -0.134 -0.0259% 
Germany 
Daimler 0.076 0.0305% 0.631 0.1400% 0.038 0.0291% -0.037 -0.0069% -0.006 0.0111% -0.069 -0.0214% 0.021 0.0218% 
Siemens -0.045 0.0047% 0.768 0.1107% 0.117 0.0304% -0.013 0.0085% -0.077 -0.0237% -0.096 -0.0312% -0.123 -0.0159% 
SAP -0.002 0.0130% 0.488 0.0928% 0.102 0.0335% 0.006 0.0155% -0.042 -0.0034% -0.124 -0.0490% -0.042 0.0060% 
Spain 
Banco Santander 0.273 0.0471% 0.855 0.0940% 0.049 0.0261% -0.030 0.0016% 0.065 0.0376% -0.075 -0.0135% 0.026 0.0206% 
Iberdrola 0.249 0.0621% 0.455 0.1201% 0.210 0.0636% 0.061 0.0469% 0.174 0.0827% -0.115 -0.0297% 0.301 0.0708% 
Telefonica -0.065 0.0049% 0.348 0.0617% -0.032 0.0063% -0.058 -0.0045% -0.214 -0.0423% -0.185 -0.0493% -0.132 -0.0173% 
 
TABLE 2A4
                                                          
4
 Table 2A presents the full summary of the technical trading rules for the year 2005-2006 and transaction cost as 0.2%. S is the performance parameter 
^ŚĂƌƉĞ ?ƐƌĂƚŝŽĂŶĚȴr is the excess return of technical rule over buy-hold strategy. 
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Year Country Company 
DMC MACD CBR BB RSI SO DMI 
S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ 
2
0
0
7
-2
0
0
8
 
USA 
Exxon Mobil -0.122 -0.0131% 0.618 0.1590% -0.185 -0.1889% -0.110 -0.0986% -0.163 -0.1520% 0.115 0.1366% -0.214 -0.1055% 
Apple 0.075 0.0441% 0.859 0.2456% 0.094 0.0696% 0.105 0.1294% 0.005 0.0177% -0.083 -0.0777% 0.211 0.1156% 
General Electric -0.147 -0.0547% 0.053 0.1019% -0.173 -0.0353% -0.136 -0.0566% -0.187 -0.1537% -0.090 -0.0963% -0.135 -0.0494% 
UK 
BHP-Billiton 0.027 0.0340% 0.603 0.2342% 0.034 0.0195% 0.099 0.1040% -0.097 -0.0969% -0.025 -0.0158% -0.085 -0.0679% 
HSBC -0.285 -0.0557% 0.222 0.1032% -0.316 -0.0721% -0.125 -0.0325% -0.122 -0.0860% -0.230 -0.1273% -0.183 -0.0247% 
Vodafone -0.215 -0.0577% 0.377 0.0926% -0.284 -0.1760% -0.122 -0.0824% -0.112 -0.0620% 0.019 0.0369% -0.147 -0.0462% 
Canada 
Barrick Gold -0.159 -0.1222% 0.541 0.2314% -0.071 -0.0664% -0.124 -0.1632% -0.109 -0.0906% -0.055 -0.0619% -0.078 -0.0295% 
Royal bank Canada -0.276 -0.0975% 0.316 0.0960% -0.231 -0.0796% -0.148 -0.0985% -0.099 -0.0594% -0.163 -0.1057% -0.383 -0.1108% 
Suncor Energy -0.177 -0.2567% -0.018 0.1231% -0.206 -0.1219% -0.173 -0.3238% -0.098 -0.1305% -0.086 -0.1487% -0.214 -0.2220% 
Australia 
Rio Tinto -0.008 0.0211% 0.455 0.2922% -0.009 0.0764% 0.071 0.1066% -0.070 -0.0446% -0.101 -0.1064% 0.015 0.0349% 
Commonwealth Bank 
of Australia 
-0.256 -0.0315% -0.014 0.0669% -0.127 -0.0901% -0.131 -0.1660% -0.226 -0.1328% -0.169 -0.1065% -0.213 -0.0743% 
Wesfarmers -0.263 -0.1232% -0.030 0.0135% -0.257 -0.1039% -0.112 -0.0908% -0.151 -0.0758% -0.173 -0.1579% -0.150 -0.0627% 
Germany 
Daimler -0.121 -0.0417% 0.236 0.1713% -0.104 0.0156% -0.128 -0.1087% -0.275 -0.1883% -0.172 -0.1501% -0.078 -0.0251% 
Siemens -0.093 -0.0235% 0.827 0.1911% 0.041 0.0676% 0.026 0.0416% -0.045 -0.0266% -0.088 -0.0780% -0.013 0.0133% 
SAP -0.185 -0.0422% 0.206 0.1226% -0.174 -0.0053% -0.141 -0.0863% -0.143 -0.0557% -0.096 -0.0570% -0.105 -0.0399% 
Spain 
Banco Santander -0.133 -0.0516% 0.117 0.1225% -0.199 -0.0173% -0.113 -0.0873% -0.155 -0.1099% -0.123 -0.1103% -0.066 -0.0019% 
Iberdrola -0.218 -0.1165% 0.221 0.1076% -0.129 -0.0587% -0.115 -0.0726% -0.091 -0.0645% -0.117 -0.0646% -0.051 -0.0157% 
Telefonica -0.055 -0.0008% 0.400 0.1108% -0.147 -0.0699% -0.188 -0.1171% -0.055 -0.0280% -0.088 -0.0311% -0.161 -0.0594% 
 
TABLE 2B5
                                                          
5
 Table 2B presents the full summary of the technical trading rules for the year 2007-2008 and transaction cost as 0.2%. S is the performance parameter 
^ŚĂƌƉĞ ?ƐƌĂƚŝŽĂŶĚȴr is the excess return of technical rule over buy-hold strategy. 
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Year Country Company 
DMC MACD CBR BB RSI SO DMI 
S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ 
2
0
0
9
-2
0
1
0
 
USA 
Exxon Mobil -0.172 -0.0458% 0.521 0.0764% -0.102 -0.0336% -0.155 -0.0754% -0.086 -0.0331% -0.089 -0.0515% 0.021 0.0060% 
Apple 0.294 0.1023% 0.751 0.2171% 0.407 0.1655% 0.156 0.1178% 0.278 0.1841% 0.000 0.0004% 0.571 0.1671% 
General Electric 0.158 0.0650% 0.575 0.2315% 0.189 0.0845% -0.063 -0.0570% 0.075 0.0826% -0.143 -0.1413% 0.219 0.0901% 
UK 
BHP-Billiton 0.082 0.0325% 0.992 0.2215% 0.070 0.0390% 0.058 0.0560% 0.048 0.0384% -0.070 -0.0648% 0.073 0.0363% 
HSBC -0.022 -0.0075% 0.408 0.1177% -0.070 -0.0484% -0.068 -0.0594% 0.059 0.0533% -0.044 -0.0463% -0.017 -0.0155% 
Vodafone 0.017 0.0084% 0.428 0.0859% 0.020 0.0122% -0.009 -0.0027% -0.020 -0.0068% 0.056 0.0316% -0.021 -0.0052% 
Canada 
Barrick Gold -0.198 -0.0804% 0.588 0.1654% -0.058 -0.0231% -0.039 -0.0305% -0.155 -0.1281% -0.031 -0.0317% -0.048 -0.0189% 
Royal bank Canada 0.110 0.0407% 0.398 0.1329% -0.007 0.0004% -0.044 -0.0288% -0.068 -0.0405% -0.100 -0.0629% 0.086 0.0333% 
Suncor Energy -0.158 -0.0703% 0.563 0.2033% -0.171 -0.1180% -0.069 -0.0735% 0.038 0.0260% -0.011 -0.0100% -0.076 -0.0681% 
Australia 
Rio Tinto 0.093 0.0569% 0.945 0.2281% 0.085 0.0494% -0.026 -0.0215% -0.013 0.0057% -0.029 -0.0220% 0.116 0.0604% 
Commonwealth Bank 
of Australia 
0.171 0.0492% 0.513 0.1523% 0.103 0.0477% 0.039 0.0371% -0.033 -0.0053% -0.037 -0.0117% 0.066 0.0366% 
Wesfarmers 0.080 0.0402% 0.599 0.1649% -0.008 0.0101% -0.045 -0.0252% 0.041 0.0388% -0.044 -0.0170% -0.023 -0.0031% 
Germany 
Daimler -0.132 -0.0489% 0.683 0.2770% 0.074 0.0438% 0.011 0.0165% -0.090 -0.0608% -0.135 -0.1052% 0.123 0.0569% 
Siemens 0.102 0.0367% 0.575 0.1619% -0.024 -0.0083% 0.017 0.0192% 0.003 0.0098% 0.044 0.0509% 0.012 0.0140% 
SAP 0.052 0.0229% 0.802 0.1286% 0.116 0.0375% -0.004 0.0055% 0.051 0.0307% -0.196 -0.0887% 0.025 0.0148% 
Spain 
Banco Santander 0.090 0.0424% 0.350 0.1618% 0.011 0.0145% 0.006 0.0124% 0.012 0.0197% -0.062 -0.0525% 0.040 0.0254% 
Iberdrola 0.187 0.0515% 0.962 0.1469% 0.175 0.0570% -0.013 -0.0004% -0.048 -0.0181% -0.299 -0.1640% -0.127 -0.0313% 
Telefonica -0.138 -0.0276% 0.405 0.0764% -0.099 -0.0442% -0.099 -0.0421% -0.058 -0.0135% -0.155 -0.0602% -0.060 -0.0067% 
 
TABLE 2C6
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 Table 2C presents the full summary of the technical trading rules for the year 2009-2010 and transaction cost as 0.2%. S is the performance parameter 
^ŚĂƌƉĞ ?ƐƌĂƚŝŽĂŶĚȴr is the excess return of technical rule over buy-hold strategy. 
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Year Country Company 
DMC MACD CBR BB RSI SO DMI 
S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ 
2
0
0
5
-2
0
0
6
 
USA 
Exxon Mobil 0.124 0.0056% 0.707 0.1354% 0.194 0.0609% 0.074 0.0550% 0.061 0.0374% 0.038 0.0367% 0.188 0.0652% 
Apple -0.036 -0.0120% 0.488 0.1928% 0.013 0.0261% -0.017 -0.0069% -0.050 -0.0481% 0.069 0.0925% 0.128 0.0830% 
General Electric -0.149 -0.0052% 0.468 0.0671% -0.258 -0.0431% -0.170 -0.0419% -0.166 -0.0234% 0.013 0.0201% -0.187 -0.0225% 
UK 
BHP-Billiton 0.170 0.0883% 0.825 0.1882% 0.261 0.1077% 0.124 0.1014% 0.055 0.0571% 0.062 0.0679% 0.147 0.0726% 
HSBC 0.041 0.0233% 0.519 0.0638% -0.055 0.0052% -0.052 0.0024% -0.118 -0.0081% 0.037 0.0294% -0.078 0.0022% 
Vodafone -0.178 -0.0455% 0.318 0.0684% -0.125 -0.0259% -0.024 0.0077% 0.011 0.0239% -0.151 -0.0837% -0.100 -0.0103% 
Canada 
Barrick Gold 0.018 0.0180% 1.253 0.1632% 0.272 0.0737% 0.021 0.0280% 0.002 0.0154% 0.047 0.0505% -0.018 0.0080% 
Royal bank Canada -0.146 -0.0584% 0.804 0.1183% -0.148 -0.0642% -0.085 -0.0620% -0.126 -0.1030% 0.075 0.0422% -0.140 -0.0664% 
Suncor Energy 0.120 0.0776% 0.869 0.2407% 0.213 0.1085% 0.048 0.0518% 0.025 0.0307% 0.067 0.0755% 0.348 0.1309% 
Australia 
Rio Tinto 0.071 0.0486% 0.715 0.1827% 0.062 0.0508% 0.092 0.0888% 0.018 0.0333% 0.020 0.0370% 0.180 0.0920% 
Commonwealth Bank 
of Australia 
0.030 0.0271% 0.870 0.0919% 0.182 0.0502% 0.092 0.0553% 0.046 0.0333% -0.022 0.0147% 0.102 0.0407% 
Wesfarmers -0.212 -0.0135% 0.611 0.0982% -0.092 0.0065% -0.058 -0.0045% -0.120 -0.0178% -0.069 -0.0080% -0.095 -0.0096% 
Germany 
Daimler 0.120 0.0392% 0.692 0.1484% 0.078 0.0438% 0.022 0.0252% 0.073 0.0384% 0.045 0.0380% 0.064 0.0368% 
Siemens 0.003 0.0138% 0.905 0.1230% 0.202 0.0401% 0.072 0.0396% -0.001 0.0127% 0.027 0.0271% -0.067 -0.0015% 
SAP 0.046 0.0216% 0.587 0.1054% 0.180 0.0451% 0.088 0.0471% 0.044 0.0304% -0.008 0.0092% 0.033 0.0188% 
Spain 
Banco Santander 0.386 0.0570% 1.051 0.1045% 0.125 0.0422% 0.054 0.0339% 0.152 0.0691% 0.076 0.0445% 0.096 0.0378% 
Iberdrola 0.310 0.0723% 0.518 0.1311% 0.305 0.0792% 0.116 0.0780% 0.262 0.1159% 0.027 0.0243% 0.415 0.0833% 
Telefonica 0.008 0.0142% 0.475 0.0747% 0.035 0.0198% 0.038 0.0249% -0.088 -0.0102% -0.015 0.0077% -0.067 -0.0011% 
 
TABLE 3A7
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 Table 3A presents the full summary of the technical trading rules for the year 2005-2006 and transaction cost as 0.05%. S is the performance parameter 
^ŚĂƌƉĞ ?ƐƌĂƚŝŽĂŶĚȴr is the excess return of technical rule over buy-hold strategy. 
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Year Country Company 
DMC MACD CBR BB RSI SO DMI 
S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ 
2
0
0
7
-2
0
0
8
 
USA 
Exxon Mobil -0.091 -0.0054% 0.691 0.1748% -0.172 -0.1700% -0.073 -0.0620% -0.140 -0.1262% 0.170 0.2003% -0.191 -0.0880% 
Apple 0.101 0.0531% 0.887 0.2537% 0.126 0.0836% 0.134 0.1624% 0.041 0.0480% -0.025 -0.0146% 0.243 0.1257% 
General Electric -0.135 -0.0466% 0.099 0.1136% -0.159 -0.0216% -0.103 -0.0225% -0.158 -0.1257% -0.039 -0.0353% -0.120 -0.0395% 
UK 
BHP-Billiton 0.043 0.0419% 0.634 0.2470% 0.056 0.0345% 0.130 0.1387% -0.069 -0.0639% 0.017 0.0456% -0.072 -0.0520% 
HSBC -0.262 -0.0467% 0.285 0.1152% -0.284 -0.0515% -0.065 0.0070% -0.082 -0.0507% -0.132 -0.0692% -0.148 -0.0134% 
Vodafone -0.190 -0.0459% 0.463 0.1046% -0.262 -0.1518% -0.077 -0.0443% -0.069 -0.0300% 0.088 0.1034% -0.123 -0.0328% 
Canada 
Barrick Gold -0.147 -0.1092% 0.572 0.2427% -0.051 -0.0474% -0.098 -0.1282% -0.074 -0.0562% -0.013 -0.0029% -0.052 -0.0137% 
Royal bank Canada -0.255 -0.0861% 0.432 0.1090% -0.207 -0.0614% -0.101 -0.0621% -0.053 -0.0245% -0.078 -0.0450% -0.341 -0.0911% 
Suncor Energy -0.171 -0.2466% 0.005 0.1341% -0.193 -0.1018% -0.156 -0.2884% -0.078 -0.1015% -0.053 -0.0868% -0.204 -0.2067% 
Australia 
Rio Tinto 0.009 0.0292% 0.477 0.3078% 0.011 0.0878% 0.095 0.1344% -0.039 -0.0140% -0.055 -0.0477% 0.031 0.0442% 
Commonwealth Bank 
of Australia 
-0.230 -0.0236% 0.030 0.0804% -0.114 -0.0719% -0.108 -0.1305% -0.184 -0.1019% -0.091 -0.0485% -0.191 -0.0598% 
Wesfarmers -0.249 -0.1136% -0.002 0.0245% -0.232 -0.0871% -0.076 -0.0527% -0.107 -0.0469% -0.110 -0.0954% -0.131 -0.0483% 
Germany 
Daimler -0.104 -0.0323% 0.267 0.1993% -0.076 0.0488% -0.094 -0.0748% -0.233 -0.1566% -0.117 -0.0985% -0.055 -0.0111% 
Siemens -0.077 -0.0157% 0.888 0.2005% 0.069 0.0781% 0.058 0.0707% -0.014 0.0042% -0.035 -0.0212% 0.017 0.0255% 
SAP -0.156 -0.0314% 0.245 0.1325% -0.142 0.0099% -0.096 -0.0530% -0.086 -0.0255% -0.019 0.0033% -0.085 -0.0268% 
Spain 
Banco Santander -0.120 -0.0434% 0.162 0.1377% -0.173 0.0010% -0.078 -0.0543% -0.115 -0.0778% -0.066 -0.0533% -0.025 0.0114% 
Iberdrola -0.207 -0.1046% 0.272 0.1218% -0.113 -0.0429% -0.076 -0.0378% -0.062 -0.0378% -0.031 -0.0043% -0.036 -0.0051% 
Telefonica -0.027 0.0098% 0.464 0.1249% -0.123 -0.0506% -0.136 -0.0780% -0.022 0.0002% 0.017 0.0295% -0.135 -0.0428% 
 
TABLE 3B8
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 Table 3B presents the full summary of the technical trading rules for the year 2007-2008 and transaction cost as 0.05%. S is the performance parameter 
^ŚĂƌƉĞ ?ƐƌĂƚŝŽĂŶĚȴr is the excess return of technical rule over buy-hold strategy. 
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Year Country Company 
DMC MACD CBR BB RSI SO DMI 
S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ 
2
0
0
9
-2
0
1
0
 
USA 
Exxon Mobil -0.138 -0.0345% 0.607 0.0889% -0.060 -0.0177% -0.084 -0.0393% -0.016 -0.0053% 0.013 0.0086% 0.080 0.0203% 
Apple 0.326 0.1107% 0.806 0.2308% 0.467 0.1780% 0.194 0.1464% 0.324 0.2121% 0.081 0.0539% 0.639 0.1772% 
General Electric 0.187 0.0739% 0.615 0.2416% 0.232 0.0982% -0.029 -0.0261% 0.102 0.1123% -0.081 -0.0829% 0.258 0.1014% 
UK 
BHP-Billiton 0.109 0.0420% 1.035 0.2337% 0.107 0.0549% 0.094 0.0900% 0.095 0.0737% -0.007 -0.0044% 0.110 0.0523% 
HSBC 0.000 0.0026% 0.460 0.1289% -0.047 -0.0300% -0.031 -0.0250% 0.103 0.0895% 0.010 0.0142% -0.004 -0.0013% 
Vodafone 0.039 0.0156% 0.453 0.0936% 0.046 0.0232% 0.024 0.0158% 0.029 0.0150% 0.114 0.0653% 0.013 0.0066% 
Canada 
Barrick Gold -0.176 -0.0683% 0.647 0.1798% -0.021 -0.0057% -0.002 0.0012% -0.119 -0.0969% 0.020 0.0262% -0.009 -0.0008% 
Royal bank Canada 0.150 0.0520% 0.435 0.1458% 0.038 0.0159% 0.001 0.0035% -0.018 -0.0083% -0.015 -0.0073% 0.143 0.0500% 
Suncor Energy -0.136 -0.0596% 0.598 0.2141% -0.147 -0.0971% -0.039 -0.0407% 0.081 0.0524% 0.034 0.0444% -0.051 -0.0436% 
Australia 
Rio Tinto 0.113 0.0658% 0.983 0.2380% 0.129 0.0642% 0.000 0.0146% 0.028 0.0347% 0.015 0.0351% 0.170 0.0758% 
Commonwealth Bank 
of Australia 
0.230 0.0586% 0.602 0.1640% 0.156 0.0613% 0.086 0.0643% 0.014 0.0237% 0.042 0.0468% 0.117 0.0502% 
Wesfarmers 0.127 0.0531% 0.499 0.1788% 0.024 0.0296% -0.003 0.0125% 0.094 0.0700% 0.031 0.0374% -0.004 0.0122% 
Germany 
Daimler -0.109 -0.0387% 0.723 0.2919% 0.109 0.0581% 0.042 0.0430% -0.050 -0.0305% -0.066 -0.0493% 0.159 0.0684% 
Siemens 0.139 0.0462% 0.645 0.1741% 0.000 0.0074% 0.060 0.0495% 0.049 0.0463% 0.103 0.1123% 0.041 0.0288% 
SAP 0.085 0.0317% 0.920 0.1398% 0.188 0.0510% 0.060 0.0378% 0.114 0.0577% -0.071 -0.0299% 0.074 0.0278% 
Spain 
Banco Santander 0.116 0.0515% 0.393 0.1778% 0.040 0.0306% 0.047 0.0450% 0.043 0.0512% 0.002 0.0094% 0.069 0.0378% 
Iberdrola 0.235 0.0594% 1.047 0.1553% 0.226 0.0661% 0.044 0.0337% 0.010 0.0131% -0.204 -0.1140% -0.092 -0.0179% 
Telefonica -0.105 -0.0176% 0.487 0.0882% -0.067 -0.0254% -0.030 -0.0068% 0.016 0.0135% -0.030 -0.0060% -0.007 0.0063% 
 
TABLE 3C9
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 Table 3C presents the full summary of the technical trading rules for the year 2009-2010 and transaction cost as 0.05%. S is the performance parameter 
^ŚĂƌƉĞ ?ƐƌĂƚŝŽĂŶĚȴr is the excess return of technical rule over buy-hold strategy. 
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Table 2C summarizes the results for the period 2009-2010 and transaction cost 0.2%. The MACD has 
shown superior results as compared to the other rules and has positive portfolio performance and 
positive excess returns in all the 18 cases. DMC, DMI and CBR also showed positive results in more than 
11 cases in both portfolio performance and excess returns. The other indicators were weak in 
interpreting market signals and hence did not show positive results. The highest portfolio performance 
was 0.992 of BHP Billiton and highest excess returns were 0.277% by Daimler. On comparing Table 1C 
ĂŶĚdĂďůĞ ? ?ǁĞĨŝŶĚƚŚĂƚďŽƚŚƚŚĞ^ŚĂƌƉĞ ?ƐƌĂƚŝŽĂŶĚĞǆĐĞƐƐƌĞƚƵƌŶƐŚĂǀĞŝŶĐƌĞĂƐĞĚǁŝƚŚĚĞĐƌĞĂƐĞŝŶ
transaction cost from 0.4% to 0.2%. 
The results of Table 3A, Table 3B and table 3C are more relevant to the floor traders rather than the 
private investors. Table 3A summarizes the results for the period 2005-2006 and transaction cost of 
0.05%. The MACD indicator has shown superior performance as compared to the other indicators and 
has shown positive results in all the 18 cases. All the other indicators have performed more or less the 
same in both the cases. Thus the trading rules have shown similar performance for the floor traders. The 
highest excess returns are those of Suncor energy by using MACD and has a value of 0.24% 
approximately. On comparing Table 3A with Table 1A and Table 2A, we find that the excess returns have 
increased considerable across all trading rules with decreases in transaction cost. 
Table 3B summarizes the results for the period 2007-2008 and transaction cost 0f 0.05%. The MACD 
indicator has again shown superior performance in interpreting the market signals in the period of 
recession. The other indicators have shown very weak performance and have shown positive portfolio 
performance in maximum of 4 cases and positive excess returns over buy-hold strategy in maximum of 7 
cases. On comparing Table 3B with Table 3A, we again find the increase in portfolio performance and 
excess returns in the time of recession due to reason already mentioned above. While comparing Table 
3B with Table 1B and Table 2B, we again find increase in portfolio performance and excess returns due 
to decrease in transaction costs. 
Table 3C summarizes the results for the period 2009-2010 and transaction cost of 0.05%. The MACD 
indicator has again shown better results as compared to the other indicators. All the other indicators 
have shown considerable power to show positive portfolio performance and positive excess returns 
over buy-hold strategy in this period. The highest excess return was 0.29% of Daimler and the highest 
portfolio performance was 0.983 of Rio Tinto. The portfolio performance and excess returns increased 
with decrease in transaction cost on comparing this table with Table 1C and Table2C. 
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Discussion 
Thus we find that the MACD indicator performed better as compared to the other indicators in all the 
scenarios. The discussion on the results of each of these rules is given below:- 
1. Dual Moving Average Crossovers (DMC)  WThe following graphs give the performance of the DMC 
rule at different levels of transaction cost across all the countries in the study. 
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0.05%, 0.2% and 0.4% in the title of each graph represent the one way transaction cost.  When 
the transaction cost is 0.05%, most of the companies have shown positive excess returns as well 
ĂƐ ^ŚĂƌƉĞ ?Ɛ ƌĂƚŝŽ ĨŽƌ ƚŚĞ ƉĞƌŝŽĚ  ? ? ? ?-2006. During this period most of the countries showed 
positive growth in the economy and the stock market and the volatility of stock market was 
lower in comparison to the other periods. Since DMC is based on the two simple moving 
averages of different periods, it tends to give a uniform signal for a longer period when the 
volatility is low. During the period of higher volatility, the DMC signal is unable to quickly 
respond to ups and downs in the market. Thus DMC was able to interpret signal better in the 
period 2005-2006 which resulted in positive excess returns. During the period of 2007-2008, the 
developed economies suffered the financial recession which plunged the stock markets and 
resulted in high volatility in the stock market. Thus in this period of irregular ups and downs the 
interpretation of signals became weak and hence most of the excess returns were negative. 
During the period of 2009-2010, the markets again gained some stability as compared to the 
previous period and hence positive returns were achieved by most of the companies. The 
ƉĞƌĨŽƌŵĂŶĐĞŽĨDŝŶƚĞƌŵƐŽĨ^ŚĂƌƉĞ ?ƐƌĂƚŝŽĂƐǁĞůůĂƐĞǆĐĞƐƐƌĞƚƵƌŶƐǁĂƐŶĞǆƚƚŽƚŚĞD
among all the technical rules during the period 2009-2010. When the transaction cost increased 
to 0.2%, the performance of the rule was similar to when the transaction cost was 0.05% though 
there was decrease in excess returns. Thus few of the companies which had positive excess 
returns earlier now had negative excess returns. When the transaction cost increased to 0.4%, 
-0.400
-0.300
-0.200
-0.100
0.000
0.100
0.200
0.300
-0.20% -0.15% -0.10% -0.05% 0.00% 0.05% 0.10%
sh
a
rp
e
's
 r
a
ti
o
 
excess returns 
DMC - 0.4% 
2005-2006
2007-2008
2009-2010
49 
 
ƚŚĞ ůŝŶĞĂƌƚƌĞŶĚďĞƚǁĞĞŶ^ŚĂƌƉĞ ?s ratio and excess returns became uncorrelated. Most of the 
ĐŽŵƉĂŶŝĞƐŚĂĚŶĞŐĂƚŝǀĞĞǆĐĞƐƐƌĞƚƵƌŶƐĂŶĚŶĞŐĂƚŝǀĞ^ŚĂƌƉĞ ?ƐƌĂƚŝŽ ?dŚƵƐŵŽƐƚŽĨƚŚĞĐŽƵŶƚƌŝĞƐ
have shown similar performance measure across time as well as transaction cost. The use of 
DMC rule is more useful during the period of growth or stability when the market volatility is 
low.  
2. Moving Average Convergence Divergence (MACD)  W The following graphs give the performance 
of the MACD rule at different levels of transaction cost across all the countries in the study. 
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0.05%, 0.2% and 0.4% in the title of each graph represent the one way transaction cost.  When 
the transaction cost is 0.05%, all the companies have shown positive excess returns as well as 
^ŚĂƌƉĞ ?Ɛ ƌĂƚŝŽ ĨŽƌ ƚŚĞ ƉĞƌŝŽĚ  ? ? ? ?-2006. Since MACD is based on the difference of two 
exponential moving averages of different periods and the simple moving average of that 
difference, it tends to be much more responsive. During the period of higher volatility, the 
MACD signal quickly adjusts and responds to ups and downs in the market. Even during the 
period of 2007-2008 when the developed economies suffered the financial recession which 
plunged the stock markets and resulted in high volatility in the stock market, MACD showed 
positive excess returns in all the companies. During the period of 2009-2010, the markets again 
gained some stability as compared to the previous period and hence positive returns were 
achieved by all of the companies. The performance of MACD ŝŶƚĞƌŵƐŽĨ^ŚĂƌƉĞ ?ƐƌĂƚŝŽĂƐ well as 
excess returns was best among all the technical rules during the each sub-period and across all 
transaction costs. When the transaction cost increased to 0.2%, the performance of the rule was 
similar to when the transaction cost was 0.05% though there was decrease in excess returns. 
Thus two of the companies which had positive excess returns earlier now had negative excess 
returns. When the transaction cost increased to 0.4%, three of the companies had negative 
excess returns. Thus most of the countries have shown similar performance measure across 
time as well as transaction cost. The use MACD rule has proved to be useful not only at higher 
transaction costs but also during the period of high volatility.  
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3. Channel breakout Rule (CBR)  W The following graphs give the performance of the CBR rule at 
different levels of transaction cost across all the countries in the study. 
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0.05%, 0.2% and 0.4% in the title of each graph represent the one way transaction cost. When 
the transaction cost is 0.05%, the CBR rule shows positive excess returns for most of the 
companies during the period 2005-2006 and 2009-2010. During the period 2007-2008 when 
global recession hit the market, most of the companies showed negative excess returns and 
ŶĞŐĂƚŝǀĞ^ŚĂƌƉĞ ?ƌĂƚŝŽ ?dŚĞZƌƵůĞǁŽƌŬƐ in a similar way as DMC rule and involves the use of 
highs and lows instead of moving averages. If there is change in volatility in the market, it takes 
time for CBR rule to get adjusted to it. Hence during volatile period of 2007-2008, the 
interpretation was weak which resulted in negative excess returns. When the transaction cost 
was 0.2%, the performance of CBR was similar to when the transaction cost was 0.05% though 
ƚŚĞ ĞǆĐĞƐƐ ƌĞƚƵƌŶƐ ĂŶĚ ƚŚĞ ^ŚĂƌƉĞ ?Ɛ ƌĂƚŝŽ ŚĂǀĞ ĚĞĐƌĞĂƐĞĚ slightly. As the transaction cost 
increased to 0.4%, the performance of the rule became low as most of the companies displayed 
ŶĞŐĂƚŝǀĞ ĞǆĐĞƐƐ ƌĞƚƵƌŶƐ ĂƐ ǁĞůů ĂƐ ŶĞŐĂƚŝǀĞ ^ŚĂƌƉĞ ?Ɛ ƌĂƚŝŽ ?dhe CBR rule has shown better 
performance after MACD during the period 2006-2006. Thus CBR rule can be used when the 
transaction costs and the volatility in the market are low. 
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4. Bollinger Bands (BB)  W The following graphs give the performance of the Bollinger bands rule at 
different levels of transaction cost across all the countries in the study. 
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0.05%, 0.2% and 0.4% in the title of each graph represent the one way transaction cost. When 
the transaction cost is 0.05%, the Bollinger bands rule shows positive excess returns for most of 
the companies during the period 2005-2006 and 2009-2010. Whereas during the period 2007-
 ? ? ? ? ?ŵŽƐƚŽĨ ƚŚĞĞǆĐĞƐƐƌĞƚƵƌŶƐĂƐǁĞůůĂƐ^ŚĂƌƉĞ ?ƐƌĂƚŝŽ ŝƐŶĞŐĂƚŝǀĞ ?Bollinger bands use the 
simple moving average and volatility of recent price history. When the volatility is low, most of 
the signals are generated by the middle band and the frequency of overbought and oversold 
conditions is less. When volatility increases, the frequency of overbought condition and oversold 
condition increases in the market. Thus both upper-band and lower-band generates the buy and 
sell signal along with the middle band. Thus frequent trading resulting in high transaction cost 
along with time lag of technical rule response accounts for most of the negative excess returns 
during the volatile period. When the transaction cost was 0.2%, ƚŚĞĞǆĐĞƐƐƌĞƚƵƌŶƐĂŶĚ^ŚĂƌƉĞ ?Ɛ
ratio became more negative as compared to when the transaction cost was 0.5%. The higher 
transaction cost resulted in reduction of the returns. When the transaction cost rose to 0.4%, 
ĂůŵŽƐƚ Ăůů ƚŚĞ ĐŽŵƉĂŶŝĞƐ ƐŚŽǁĞĚ ŶĞŐĂƚŝǀĞ ƌĞƚƵƌŶƐ ĂƐ ǁĞůů ĂƐ ŶĞŐĂƚŝǀĞ ^ŚĂƌƉĞ ?Ɛ ƌĂƚŝŽ ? dŚƵƐ
higher transaction cost seriously jeopardized the forecasting ability if the Bollinger bands. Also 
the Bollinger bands has lower performance as compared to the above three technical rules. 
Most of the countries showed similar performance with time and transaction cost. 
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5. Relative Strength index (RSI)  W The following graphs give the performance of the RSI rule at 
different levels of transaction cost across all the countries in the study. 
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0.05%, 0.2% and 0.4% in the title of each graph represent the one way transaction cost. The RSI rule 
does not perform as better as the rules discussed so far. When the transaction cost was 0.05% many 
ĐŽŵƉĂŶŝĞƐŚĂĚƉŽƐŝƚŝǀĞĞǆĐĞƐƐƌĞƚƵƌŶƐĂŶĚƉŽƐŝƚŝǀĞ^ŚĂƌƉĞ ?ƐƌĂƚŝŽĚƵƌŝŶŐƚŚĞƉĞƌŝŽĚ ? ? ? ?-2006 and the 
period 2009-2010. But there were many companies which also displayed the negative performance 
during the same period. During the period of 2007-2008, almost all the companies had negative 
performance. The RSI indicator is more of a subjective indicator which considers the value of 70 or 
above as an overbought condition and the value of 30 or below as an oversold condition. The upper and 
the lower limit remains fixed even during the volatile market during which the number of trade signals 
increases thus increasing the transaction cost. Most of the excess returns are condensed between 
+0.10% to -0.10% which signifies that the rule is weak in interpreting the market signals even during the 
growth phase of the markets in 2005-2006. When the transaction cost is 0.2%, the results are similar 
with lower ĞǆĐĞƐƐ ƌĞƚƵƌŶƐ ĂŶĚ ^ŚĂƌƉĞ ?Ɛ ƌĂƚŝŽ ĐŽŵƉĂƌĂƚŝǀĞůǇ ? tŚĞŶ ƚŚĞ ƚƌĂŶƐĂĐƚŝŽŶ ĐŽƐƚ ŝŶĐƌĞĂƐĞƐ ƚŽ
0.4%, the data points get scattered as opposed to showing linear relationship during lower transaction 
costs. Except for the three companies during period 2009-2010, all the other companies in all the three 
sub-periods have shown negative performance. The countries have shown almost similar performance 
across all the sub periods and transaction costs. The rule does not serve as a good indicator both in 
growth market and in volatile market. 
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6. Stochastic Oscillator (SO)  W The following graphs give the performance of the SO rule at different 
levels of transaction cost across all the countries in the study. 
 
 
 
 
 
 
 
 
 
 
-0.250
-0.200
-0.150
-0.100
-0.050
0.000
0.050
0.100
0.150
0.200
-0.20% -0.10% 0.00% 0.10% 0.20% 0.30%
sh
a
rp
e
's
 r
a
ti
o
 
excess returns 
SO - 0.05% 
2005-2006
2007-2008
2009-2010
-0.350
-0.300
-0.250
-0.200
-0.150
-0.100
-0.050
0.000
0.050
0.100
0.150
-0.20% -0.10% 0.00% 0.10% 0.20%
sh
a
rp
e
's
 r
a
ti
o
 
excess returns 
SO - 0.2% 
2005-2006
2007-2008
2009-2010
58 
 
 
 
0.05%, 0.2% and 0.4% in the title of each graph represent the one way transaction cost. When 
the transaction cost is 0.05%, most of the companies have shown positive excess returns as well 
ĂƐ ^ŚĂƌƉĞ ?Ɛ ƌĂƚŝŽ ĨŽƌ ƚŚĞ ƉĞƌŝŽĚ  ? ? ? ?-2006. During this period most of the countries showed 
positive growth in the economy and the stock market and the volatility of stock market was 
lower in comparison to the other periods. Since SO is based on the minimum price and the 
maximum price of a period length, it tends to give a uniform signal for a longer period when the 
volatility is low. During the period of higher volatility, the SO signal is unable to quickly respond 
to ups and downs in the market. Thus SO was able to interpret signal better in the period 2005-
2006 which resulted in positive excess returns for most of the companies. During the period of 
2007-2008, the developed economies suffered the financial recession which plunged the stock 
markets and resulted in high volatility in the stock market. Thus in this period of irregular ups 
and downs the interpretation of signals became weak and hence most of the excess returns 
were negative. During the period of 2009-2010, the markets again gained some stability as 
compared to the previous period and hence positive returns were achieved by most of the 
companies. When the transaction cost increased to 0.2%, the performance of the rule was lower 
to when the transaction cost was 0.05% though in this case the data set was more spread out as 
compared to the previous cases. Thus few of the companies which had positive excess returns 
earlier now had negative excess returns. When the transaction cost increased to 0.4%, the linear 
ƚƌĞŶĚ ďĞƚǁĞĞŶ ^ŚĂƌƉĞ ?Ɛ ƌĂƚŝŽ ĂŶĚ ĞǆĐĞƐƐ ƌĞƚƵƌŶƐ ďĞĐĂŵĞ ƵŶĐŽƌƌĞůĂƚĞĚ ?Almost all of the 
ĐŽŵƉĂŶŝĞƐŚĂĚŶĞŐĂƚŝǀĞĞǆĐĞƐƐƌĞƚƵƌŶƐĂŶĚŶĞŐĂƚŝǀĞ^ŚĂƌƉĞ ?ƐƌĂƚŝŽ ?dŚƵƐŵŽƐt of the countries 
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have shown similar performance measure across time as well as transaction cost. The use of SO 
rule does not give reliable buy or sell signals and hence is risky to use. 
 
7. Directional Movement Index (DMI)  W The following graphs give the performance of the DMI rule 
at different levels of transaction cost across all the countries in the study. 
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0.05%, 0.2% and 0.4% in the title of each graph represent the one way transaction cost. When 
the transaction cost is 0.05%, most of the companies have shown positive excess returns as well 
ĂƐ ^ŚĂƌƉĞ ?Ɛ ƌĂƚŝŽ ĨŽƌ ƚŚĞ ƉĞƌŝŽĚ  ? ? ? ?-2006. During this period most of the countries showed 
positive growth in the economy and the stock market and the volatility of stock market was 
lower in comparison to the other periods. During the period of 2007-2008, the developed 
economies suffered the financial recession which plunged the stock markets and resulted in high 
volatility in the stock market. Thus in this period of irregular ups and downs the interpretation of 
signals became weak and hence most of the excess returns were negative. During the period of 
2009-2010, the markets again gained some stability as compared to the previous period and 
hence positive returns were achieved by most of the companies. When the transaction cost 
increased to 0.2%, the performance of the rule was similar to when the transaction cost was 
0.05% though there was decrease in excess returns. Thus few of the companies which had 
positive excess returns earlier now had negative excess returns. When the transaction cost 
ŝŶĐƌĞĂƐĞĚ ƚŽ  ? ? ?A? ? ƚŚĞ ůŝŶĞĂƌ ƚƌĞŶĚ ďĞƚǁĞĞŶ ^ŚĂƌƉĞ ?Ɛ ƌĂƚŝŽ ŶĚ ĞǆĐĞƐƐ ƌĞƚƵƌŶƐ ďĞĐĂŵĞ
ƵŶĐŽƌƌĞůĂƚĞĚ ?DŽƐƚŽĨƚŚĞĐŽŵƉĂŶŝĞƐŚĂĚŶĞŐĂƚŝǀĞĞǆĐĞƐƐƌĞƚƵƌŶƐĂŶĚŶĞŐĂƚŝǀĞ^ŚĂƌƉĞ ?ƐƌĂƚŝŽ ?
Thus most of the countries have shown similar performance measure across time as well as 
transaction cost. The use of DMI rule is more useful during the period of growth or stability 
when the market volatility is low and when the transaction costs are low. 
From the above discussion we find that the MACD rule was able to interpret market signals and provide 
returns in excess of buy-hold strategy far better as compared to the other rules. During the sub period 
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2005-2006, CBR rule along with MACD also showed considerable power when the transaction cost was 
0.2% and 0.05%. During the sub-period 2007-2008 only MACD performed better as compared to the 
other rules and the SO which showed positive portfolio performance was not able to give excess returns 
over buy-hold strategy. During the sub-period 2009-2010, DMC rule along with MACD performed better 
as compared to the other rules when transaction cost was 0.2% and 0.05%.  
Now the logical combination approach will be used to combine the best performing rules so as to 
evaluate whether the ^ŚĂƌƉĞ ?ƐƌĂƚŝŽ and excess returns over buy-hold can be increased or not through 
the combination of the rules. For the transaction cost of 0.4% only MACD rule was able to perform 
hence the combination will not increase the performance. Also for the sub-period 2007-2008, only 
MACD rule performed better as compared to the other rules hence the combination of rules during this 
sub-period will not increase the performance considerably. For the sub-period 2005-2006, the MACD 
rule will be combined with CBR rule and for the sub-period 2009-2010 the MACD rule will be combined 
with DMC rule using genetic programming. The new rules will be first applied to lowest transaction cost 
scenarios and if they increases the performance and excess returns they will be used for higher 
transaction costs or else they will be rejected. Table 4A and Table 4B summarize the results of the 
combination. 
The following strategies have been used to combine the rules:- 
1. Strategy 1  W MACD AND CBR 
2. Strategy 2  W MACD OR CBR 
3. Strategy 3  W MACD AND DMC 
4. Strategy 4  W MACD OR DMC 
The AND statement gives a buy signal when both the parent rules give a buy signal whereas the OR 
statement gives a buy signal when either of the parent rule gives a buy signal. 
Table 4A summarizes the results for the period 2005-2006 and transaction cost of 0.05%. Both the 
combination strategies did not increased the portfolio performance or the excess returns over buy-hold 
ƐƚƌĂƚĞŐǇŽĨƚŚĞDŝŶĚŝĐĂƚŽƌ ?&ŽƌŝŶƐƚĂŶĐĞ ?ƚŚĞ^ŚĂƌƉĞ ?ƐƌĂƚŝŽƌĞĚƵĐĞĚĨƌŽŵ ? ? ? ? ?ƚo 0.598 and 0.500 
for both the strategies respectively. The performance and excess returns of CBR increased substantially 
when they were combined with MACD indicator. Almost all the excess returns and portfolio 
performance were positive for the combination rules 
62 
 
Table 4B summarizes the results for the period 2009-2010 and transaction cost of 0.05%. In this analysis 
also the combination of MACD with DMC did not increased the performance and excess returns as 
compared to using MACD indicator alone. The highest portfolio performance for the combination 
strategies was 0.977 of Iberdrola which was lower than the highest of MACD alone. The combination did 
increase the performance of the DMC rule. Here also all the excess returns and portfolio performance 
were positive for the combination rules. 
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Year Country Company 
DMC MACD CBR MACD AND CBR MACD OR CBR 
S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ 
2
0
0
5
-2
0
0
6
 
USA 
Exxon Mobil 0.124 0.0056% 0.707 0.1354% 0.194 0.0609% 0.372 0.0990% 0.329 0.0758% 
Apple -0.036 -0.0120% 0.488 0.1928% 0.013 0.0261% 0.411 0.1725% 0.005 0.0233% 
General Electric -0.149 -0.0052% 0.468 0.0671% -0.258 -0.0431% 0.016 0.0188% -0.063 0.0054% 
UK 
BHP-Billiton 0.170 0.0883% 0.825 0.1882% 0.261 0.1077% 0.735 0.1596% 0.394 0.1573% 
HSBC 0.041 0.0233% 0.519 0.0638% -0.055 0.0052% 0.249 0.0436% 0.030 0.0226% 
Vodafone -0.178 -0.0455% 0.318 0.0684% -0.125 -0.0259% 0.064 0.0302% 0.015 0.0204% 
Canada 
Barrick Gold 0.018 0.0180% 1.253 0.1632% 0.272 0.0737% 0.465 0.1063% 0.530 0.1145% 
Royal bank Canada -0.146 -0.0584% 0.804 0.1183% -0.148 -0.0642% 0.600 0.1027% -0.153 -0.0609% 
Suncor Energy 0.120 0.0776% 0.869 0.2407% 0.213 0.1085% 0.861 0.2407% 0.320 0.1396% 
Australia 
Rio Tinto 0.071 0.0486% 0.715 0.1827% 0.062 0.0508% 0.345 0.1320% 0.195 0.0971% 
Commonwealth Bank 
of Australia 
0.030 0.0271% 0.870 0.0919% 0.182 0.0502% 0.667 0.0759% 0.306 0.0556% 
Wesfarmers -0.212 -0.0135% 0.611 0.0982% -0.092 0.0065% 0.210 0.0504% 0.283 0.0564% 
Germany 
Daimler 0.120 0.0392% 0.692 0.1484% 0.078 0.0438% 0.407 0.1142% 0.143 0.0806% 
Siemens 0.003 0.0138% 0.905 0.1230% 0.202 0.0401% 0.594 0.0903% 0.434 0.0735% 
SAP 0.046 0.0216% 0.587 0.1054% 0.180 0.0451% 0.371 0.0818% 0.349 0.0699% 
Spain 
Banco Santander 0.386 0.0570% 1.051 0.1045% 0.125 0.0422% 0.507 0.0805% 0.202 0.0618% 
Iberdrola 0.310 0.0723% 0.518 0.1311% 0.305 0.0792% 0.418 0.1133% 0.280 0.0831% 
Telefonica 0.008 0.0142% 0.475 0.0747% 0.035 0.0198% 0.271 0.0567% 0.076 0.0302% 
 
TABLE 4A10
                                                          
10
 Table 4A presents the full summary of the technical trading rules for the year 2005-2006 and transaction cost as 0.05%. S is the performance parameter 
^ŚĂƌƉĞ ?ƐƌĂƚŝŽĂŶĚȴr is the excess return of technical rule over buy-hold strategy. 
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Year Country Company 
DMC MACD CBR MACD AND DMC MACD OR DMC 
S ȴƌ S ȴƌ S ȴƌ S ȴƌ S ȴƌ 
2
0
0
9
-2
0
1
0
 
USA 
Exxon Mobil -0.138 -0.0345% 0.607 0.0889% -0.060 -0.0177% 0.128 0.0240% 0.144 0.0261% 
Apple 0.326 0.1107% 0.806 0.2308% 0.467 0.1780% 0.598 0.1946% 0.500 0.1423% 
General Electric 0.187 0.0739% 0.615 0.2416% 0.232 0.0982% 0.329 0.1303% 0.260 0.1460% 
UK 
BHP-Billiton 0.109 0.0420% 1.035 0.2337% 0.107 0.0549% 0.584 0.1451% 0.422 0.1249% 
HSBC 0.000 0.0026% 0.460 0.1289% -0.047 -0.0300% 0.078 0.0360% 0.384 0.1009% 
Vodafone 0.039 0.0156% 0.453 0.0936% 0.046 0.0232% 0.189 0.0465% 0.317 0.0684% 
Canada 
Barrick Gold -0.176 -0.0683% 0.647 0.1798% -0.021 -0.0057% 0.178 0.0708% 0.142 0.0453% 
Royal bank Canada 0.150 0.0520% 0.435 0.1458% 0.038 0.0159% 0.270 0.0957% 0.328 0.1016% 
Suncor Energy -0.136 -0.0596% 0.598 0.2141% -0.147 -0.0971% 0.115 0.0573% 0.124 0.0514% 
Australia 
Rio Tinto 0.113 0.0658% 0.983 0.2380% 0.129 0.0642% 0.970 0.2380% 0.888 0.2380% 
Commonwealth Bank 
of Australia 
0.230 0.0586% 0.602 0.1640% 0.156 0.0613% 0.387 0.0877% 0.614 0.1228% 
Wesfarmers 0.127 0.0531% 0.499 0.1788% 0.024 0.0296% 0.459 0.1267% 0.399 0.1081% 
Germany 
Daimler -0.109 -0.0387% 0.723 0.2919% 0.109 0.0581% 0.238 0.1089% 0.408 0.1471% 
Siemens 0.139 0.0462% 0.645 0.1741% 0.000 0.0074% 0.277 0.0953% 0.422 0.0912% 
SAP 0.085 0.0317% 0.920 0.1398% 0.188 0.0510% 0.501 0.0880% 0.257 0.0704% 
Spain 
Banco Santander 0.116 0.0515% 0.393 0.1778% 0.040 0.0306% 0.209 0.0793% 0.402 0.1516% 
Iberdrola 0.235 0.0594% 1.047 0.1553% 0.226 0.0661% 0.337 0.0784% 0.977 0.1240% 
Telefonica -0.105 -0.0176% 0.487 0.0882% -0.067 -0.0254% 0.204 0.0428% 0.140 0.0288% 
 
TABLE 4B11
                                                          
11
 Table 4B presents the full summary of the technical trading rules for the year 2009-2010 and transaction cost as 0.05%. S is the performance parameter 
^ŚĂƌƉĞ ?ƐƌĂƚŝŽĂŶĚȴr is the excess return of technical rule over buy-hold strategy. 
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Conclusion 
dŚĞƉƌĞǀŝŽƵƐƐƚƵĚŝĞƐĚƵƌŝŶŐ ? ? ? ? ?ƐĂŶĚ ? ? ? ? ?ƐĚŝĚƉƌŽǀŝ ĞƚŚĞĞǀŝĚĞŶĐĞƚŚĂƚƚĞĐŚŶŝĐĂůƚƌĂĚŝŶŐĚŽĞƐŶŽƚ
ƉƌŽǀŝĚĞ ƉƌŽĨŝƚƐ ŝŶ ĂŶ ĞĨĨŝĐŝĞŶƚ ŵĂƌŬĞƚ ? >ĂƚĞƌ ƐƚƵĚŝĞƐ ĚŽŶĞĚƵƌŝŶŐ  ? ? ? ? ?Ɛ ĂŶĚ  ? ? ? ? ĂŶĚ ůĂƚĞƌ ƉƌŽǀŝĚĞ
enough evidence that profit can be earned using technical trading rules and the market is not that 
efficient as it is proposed to be in the literature. In this paper we examine the performance of the 
commonly used trading rules across various developed countries. The data used is from three 
companies having highest market capitalization in the major stock exchange of each country. The period 
of study used was 2005 to 2010 and was divided into three sub periods: 2005 to 2006, 2007 to 2008 and 
2009 to 2010. The seven commonly used trading rules: dual moving average crossovers, moving average 
convergence divergence, channel breakout rule, Bollinger bands, relative strength index, stochastic 
oscillator and directional movement index are tested on each of the 18 companies. The rules are tested 
for varied transaction costs: 0.05%, 0.2% and 0.4%. These various types of transaction costs reflect the 
difference between cost incurred by different investors such as floor traders, money managers and 
private transactors. The performance of the rules is ũƵĚŐĞĚƵƐŝŶŐ^ŚĂƌƉĞ ?ƐƌĂƚŝŽĂŶĚĞǆĐĞƐƐƌĞƚƵƌŶƐ ?dŚĞ
best performing rules are selected and then combined using genetic programming to form new rules to 
increase the performance of the existing rules. 
Overall the paper provides strong support for the use of trading rules to earn profits in the market. The 
excess returns over buy hold strategy are mostly positive especially in lower transaction costs of 0.2% 
and 0.05%. The excess returns were mostly negative when the transaction cost was high of 0.4%. The 
highest daily excess return achieved for the transaction cost of 0.4% was 0.2716% by MACD in 2007-
2008 whereas the lowest daily excess return achieved for the transaction cost of 0.4% was -0.2243% by 
Stochastic oscillator in the year 2009-2010. For the transaction cost of 0.05% almost all the rules showed 
positive excess returns in most of the cases. The excess returns were mostly negative during the 
recession period of 2007-2008 for most of the rules. The interpretation of buy and sell signal by most of 
the rules was very weak during the period of recession due to high volatility. Thus the rules seem to 
work better when the transition from one day to another is less volatile as it was during 2005-2006 or 
even 2009-2010. The presence of profits through technical trading does strengthen the fact as stated in 
earlier literatures that market is not as efficient as it is claimed to be by the academic literature. 
On comparing the performance of various rules which have been used, we find that the moving average 
convergence divergence rule (MACD) has performed far better. MACD has shown the highest portfolio 
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ƉĞƌĨŽƌŵĂŶĐĞŝ ?Ğ ?ƚŚĞ^ŚĂƌƉĞ ?ƌĂƚŝŽĂƐǁĞůůĂƐƚŚĞŚŝŐŚĞƐƚĞǆĐ ƐƐƌĞƚƵƌŶƐŽǀĞƌďƵǇ-hold strategy not only 
across all companies and all sub-periods but also across all transaction costs. The MACD rule uses the 5 
day exponential moving average for the short run and 20 day exponential moving average for the long 
run. Even during the sub-period 2007-2008, the MACD indicator has shown positive portfolio 
performance and positive excess returns in almost all the cases. During this sub period the lowest daily 
excess return for MACD was 0.489%. The other rules which provided the positive excess returns and 
positive ^ŚĂƌƉĞ ?Ɛ ƌĂƚŝŽ in most of the cases were dual moving average crossovers in sub-period 2009-
2010 and channel breakout rule in sub-period 2005-2006. These three rules were selected and 
combined with each other logically using  ?E ?and  ?KZ ?functions. We find that the combination of 
ƌƵůĞƐĚŝĚŶŽƚŝŶĐƌĞĂƐĞƚŚĞ^ŚĂƌƉĞ ?Ɛ ratio or the excess returns as compared to the MACD rule alone. The 
^ŚĂƌƉĞ ?ƐƌĂƚŝŽĂŶĚĞǆĐĞƐƐƌĞƚƵƌŶƐǁĞƌĞŝŶĐƌĞĂƐĞĚĨŽƌDƌƵůĞĂŶĚZƌƵůĞĂĨƚĞƌƚŚĞĐŽŵďŝŶĂƚŝŽŶǁŝƚŚ
MACD. Also more number of combinations among these rules was not developed because of the 
difference in fundamental structure of the rules which prevented any more logical combinations. 
In sum the paper shows that the technical trading profits exist in the market and there are technical 
indicators which have shown positive results even after allowing for transaction cost. The positive 
results show that technical trading is still a significant profit earning exercise even in developed 
countries where the market is considered to be highly efficient. 
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Appendix A 
The excel sheet calculations and visual basic application programming codes of each trading rule for 
transaction cost 0.4% and Exxon Mobil company are given below.  
 
 
Dual Moving Average Crossovers 
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Moving Average Convergence Divergence 
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Channel Breakout Rule 
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Bollinger Bands 
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Relative Strength Index 
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Stochastic Oscillator 
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Directional Movement Index 
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